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ABSTRACT 

The Magellanic clouds are uniquely placed to study the stellar contribution to dust 
emission. Individual stars can be resolved in these systems even in the mid-infrared, 
and they are close enough to allow detection of infrared excess caused by dust. We have 
searched the Spitzer Space Telescope data archive for all Infrared Spectrograph (IRS) 
staring-mode observations of the Small Magellanic Cloud (SMC) and found that 209 
Infrared Array Camera (IRAC) point sources within the footprint of the Surveying 
the Agents of Galaxy Evolution in the Small Magellanic Cloud (SAGE-SMC) Spitzer 
Legacy programme were targeted, within a total of 311 staring mode observations. 
We classify these point sources using a decision tree method of object classification, 
based on infrared spectral features, continuum and spectral energy distribution shape, 
bolometric luminosity, cluster membership and variability information. We find 58 
asymptotic giant branch (AGB) stars, 51 young stellar objects (YSOs), 4 post-AGB 
objects, 22 Red Supergiants (RSGs), 27 stars (of which 23 are dusty OB stars), 24 
planetary nebulae (PNe), 10 Wolf-Rayet (WR) stars, 3 Hii regions, 3 R Coronae Bore¬ 
alis (R CrB) stars, 1 Blue Supergiant and 6 other objects, including 2 foreground AGB 
stars. We use these classifications to evaluate the success of photometric classification 
methods reported in the literature. 

Key words: techniques: spectroscopic - surveys - galaxies: Small Magellanic Cloud 
- stars: early-type, YSO, supergiants, AGB, post-AGB, planetary nebulae, late-type, 
carbon, oxygen - ISM: dust, Hii regions - infrared: stars. 


* Paul M. E. Ruffle passed away on 21 November 2013. His co- authors have finished the manuscript on his behalf, and would 
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1 INTRODUCTION 


The Mega-Surveying the Agents of Galaxy Evolution (Mega- 
SAGE) project has obtained infrared photometric and spec¬ 
troscopic inventories of the Magellanic Clouds with the 
Spitzer Space Telescope (hereafter Spitzer), using Spitzer 
and Herschel Legacy Programmes. The initial SAGE sur¬ 
vey (iMeixner et al.ll2006l ) detected and catalogued ~6.9 mil¬ 
lion point sources in the Larg e Magellanic Cloud (LMC(0> 
while the SAGE-SMC survey (j Gordon et al.l [20 111 ) detected 
and catalogued ~2.2 million point sources in the Small 
Magellanic Cloud (SMCj3- Both surveys used all bands of 
the I nfrared Arr ay Camera (IRAC; 3.6, 4.5, 5.8, 8.0 pm; 
iFazio et al.ll2004l) and the Multi-B and Imaging Pho tometer 
for Spitzer (MIPS; 24, 7 0, 160 pm\ Rieke et al.| l2004h instru¬ 
ments on board Spitzer (I Werner et al.ll2004j h The resolution 
of the IRAC observations is ~2", while for the MIPS bands, 
three different resolutions apply: 6", 18", and 40" for th e 
24, 70 and 160/im bands respectively (iGordon et al.ll201lli . 
To follow up o n thes e programmes, the SAGE-Spec project 
llKemper et al.l 1 201 (I ) obtained 196 staring-mo de pointings 
using Spitzer’ s Infrared Spectrograph (IRS; iHouck et all 
l2004l 5.2-38 /im) of positions selected from the SAGE cat¬ 
alogue. SAGE-Spec will relate SAGE photometry to the 
spectral characteristics of different types of objects in both 
Magellanic Clouds, and ultimately, allow us to classify pho¬ 
tometric point sources in both the LMC and SMC. This 
characterisation of the point sources observed in the SAGE- 
Spec survey, and the IRS data archive, builds an inventory 
of dusty sources and their interrelation in each of the Magel- 
lanic Clouds. In a first step towards this goal, IWoods et al.l 
(1201 ill classified the initial 196 LMC point sources, using a 
decision tree method of object classification, based on in¬ 
frared (IR) spectral features, continuum and spectral en¬ 
ergy distribution (SED) shape, bolometric luminosity, clus¬ 
ter membership and variability information. The initial clas¬ 
sification of LMC objects is being extended to ~ 1,000 point 
sources, covering all archival IRS observations within the 
SAGE footprint (Woods et al. in prep.). 

To extend the LMC classifications to the SMC, we have 
searched the Spitzer data archive for IRS staring-mode ob¬ 
servations and found 311 spectra, yielding 209 unique and 
genuine point sources with IRS data within the footprint of 
the SAGE-SMC Spitzer Legacy programme. The data used 
in the classification process are described in Section [2] In 
Section [3] we discuss the classification method, and in Sec¬ 
tion U we classify the 209 SMC point sources using the deci¬ 
sion tree method. Finally, in Section [5] we compare spectral 
versus colour classifications by means of colour-magnitude 
diagrams (CMDs). We use our spectroscopic classifications 
to test pho t omet ri c classification me thod s, e.g. those by 
iBover et al.l ll201ll) ; ISewilo et al.l (120131 ') and lMatsuura et all 
(l2013tl . The classification of each of these 209 sources is part 


like to dedicate it to his memory. Paul was a very enthusiastic 
scientist, and a wonderful friend with a great sense of humour. 
We miss him tremendously, 
f Email: ciska@asiaa.sinica.edu.tw 

1 http://irsa.ipac.caltech.edu/data/SPITZER/docs/ 
spitzermission / observingprograms/legacy / sage 

2 http://irsa.ipac.caltech.edu/data/SPITZER/docs/ 
spitzermission / observingprograms/legacy / sagesmc 


of the data delivery of the SAGE-Spec Legacy project to the 
Spitzer Science Center and the community|j These classifi¬ 
cations will also be used to benchmark a colour-classification 
scheme that will be applied to all point sources in the SAGE 
and SAGE-SMC surveys (Marengo et al. in prep). 


2 DATA PREPARATION 

2.1 Spitzer IRS staring mode observations 

The IRS on board Spitzer covers the wavelength range 5- 
38 pm. For the low-resolution mode, the spectrum splits in 
two bands, short-low (SL: 5.2-14.5 (jm) and long-low (LL: 
14.0-38.0 |im), with almost perpendicular slits. Each seg¬ 
ment splits into a range covered at second order (SL2, LL2), 
and one at first order (SL1, LL1). The resolution varies be¬ 
tween 60 and 130. The high resolution mode covers the wave¬ 
length range from 10-19.6 pm (short-high; SH) and from 
18.7-37.2 pm (long-high; LH) with a spectral resolution of 
R ~ 600. 

We identified 311 Spitzer IRS low- and high-resolution 
staring mode observations within t he footprint of the SAGE- 
SMC survey (IGordon et al.l l201lh , not necessarily associ¬ 
ated with a point source. We numbered these SMC IRS 1 
311, by ordering them by observing program (Project ID; 
PID) first, and then the Astronomical Observation Request 
(AOR) number (Table [1}. Where available (for SL and LL 
observations only), the reduced spectra were downloaded 
from the Cornell Atlas of Spitzer IRS Source^] (CASSIS; 
iLebouteiller et ahll201ll ). in a full resolution grid, using the 
optimal extraction method. At the moment, the CASSIS 
database only contains SL and LL data, but it turns out 
that there are no point sources in the SMC targeted with 
only SH and LH, so we will use the SL and LL data only. 
The data were downloaded in the Infrared Processing and 
Analysis Center (IPAC) Table formal^; the file names are 
also given in Table [T| As an example, the upper left panel 
of Fig. [Qshows the spectrum for point source SMC IRS 110, 
with the SL2 and LL2 data from CASSIS in red and the SL1 
and LL1 data in blue. 

The CASSIS-reduced IRS data header provides the 
original Pi’s requested (REQ) position and the field of view 
(FOV) position, i.e. where the telescope actually pointed 
(usually, but not always coincident within 1" of the REQ 
position). In many cases, however, neither of these two po¬ 
sitions is the same as the position at which the spectrum is 
actually extracted from the slit (EXT), using the optimal 
extraction method. In order to check the spectrum position 
for each source, slit images were generated by over-plotting 
the IRS SL and LL slit positions (recorded in each Spitzer 
AOR’s BCD FITS header) on a 360" x 360" image extracted 
from the SAGE-SMC 8 pm image. The REQ and EXT posi¬ 
tions were also over-plotted on the image. In cases where the 
spectrum was extracted at the FOV position (and thus an 
EXT position is lacking), the FOV position was overplotted 


3 http://irsa.ipac.caltech.edu/data/SPITZER/docs/ 
spitzermission / observingprograms/legacy / sagespec 

4 http://cassis.astro.cornell.edu 

5 http://irsa.ipac.caltech.edu/applications/DDGEN/Doc/ 
ipac_tbl.html 
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Table 1. IRS staring mode targets in the SMC. The first ten lines are presented to demonstrate the format of this table; the full table 
is available on-line. 


SMC IRS 

AOR 

PID 

PI 

spectrum position 

RA { h m s ) Dec (° ' ") 

CASSIS file name 

1 

3824640 

18 

Houck 

00 46 40.32 

-73 06 10.80 

NULL 

2 

3824896 

18 

Houck 

01 09 16.80 

-73 12 03.60 

NULL 

3 

4384000 

63 

Houck 

01 24 07.68 

-73 09 03.60 

NULL 

4 

4384000 

63 

Houck 

01 24 07.68 

-73 09 03.60 

NULL 

5 

4384000 

63 

Houck 

01 24 07.68 

-73 09 03.60 

NULL 

6 

4384768 

63 

Houck 

00 59 09.84 

-72 10 51.60 

NULL 

7 

4385024 

63 

Houck 

00 58 52.25 

-72 09 25.92 

cassis_tbl_spcf_4385024_l.tbl 

8 

4385024 

63 

Houck 

00 58 58.22 

-72 09 50.76 

cassis_tbl_spcf_4385024_2.tbl 

9 

4385024 

63 

Houck 

00 58 58.80 

-72 10 25.32 

cassis_tbl_spcf_4385024_3.tbl 

10 

4385024 

63 

Houck 

00 59 06.62 

-72 10 25.68 

cassis_tbl_spcf_4385024_4.tbl 
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Figure 1. From upper left to lower right: Example spectrum, slit image, SED and log SED plots for point source SMC IRS 110. The 
spectrum plots were generated using CASSIS-reduced IRS data from the following low resolution modules: short-low 2nd order 5.2- 
7.6 /im (red); short-low 1st order 7.6-14.0/xm (blue); long-low 2nd order 14.0-20.5 /mi (red); long-low 1st order 20.5—37.0/nn(blue). Slit 
images were created by over-plotting IRS short-low and long-low slit positions on a 360 // X 360 // image extracted from the SAGE-SMC 
8 fim image; the REQ and EXT or FOV positions were also over-plotted. SED and log SED plots (lower left and lower right panels, 
respectively) were generated by combining the above IRS data with the following photometric data points: SAGE-SMC catalogue (green 
diamonds): U, B , V, I (MCPS), J, H, Kq (IRSF); 3.6, 4.5, 5.8, 8.0 am (IRAC), 24 nm (MIPS); WISE catalogue (magenta triangles): J, 
H, K s (2MASS), 3.4, 4.6, 12, 22 /am (WISE). 


© 0000 RAS, MNRAS 000, 000-000 











4 Paul M. E. Ruffle et al. 


instead (see upper right panel of Fig. [T] for an example for 
SMC IRS 110). The slit images are useful in determining 
the origin of the emission seen in the IRS spectra. The coor¬ 
dinates in Table [T] represent, if available, the EXT position. 
The next preference is the FOV position, and if neither of 
these is available, the REQ position is given. 


2.2 Photometric matching 

In order to find matching photometry for the IRS spectra, 
we searched the SAGE-SMC Single Frame + Mosaic Pho¬ 
tometry (SMP) Archive vl.5 (iGordon et al.ll201ll ) available 
on Gato\ j, using, in order of preference, the EXT, FOV 
or REQ spectrum positions. We searched for IRAC point 
source matches within 3” of the spectrum positions, which 
corresponds with the pointing accuracy of the IRS mode 
on Spitzer. In cases where the SAGE-SMC point source 
catalogue did not provide a match, we also searched the 
Spitzer Survey of the S mall Magellanic Cloud (S 3 MC) cat¬ 
alogue llBolatto et al .1 [20071 ) for IRAC matches within 3". 
We found three sources in S 3 MC without a SAGE-SMC cat¬ 
alogue counterpart. Although the S 3 MC data are included 
in the SAGE-SMC result, both teams used different point 
source extraction pipelines and the source catalogues there¬ 
fore do not provide a one-to-one match. 

Of the original list of 311 IRS staring mode observations 
within the SAGE-SMC footprint, we discarded all 44 spectra 
for which we could not identify an IRAC point source within 
3” in either the SAGE-SMC or the S 3 MC surveys. In cases 
where multiple matches were present within 3”, we man¬ 
ually compared the magnitudes with the flux levels of the 
spectra, and used the slit images to establish which source 
was responsible for the spectrum. We also consolidated du¬ 
plicate measurements of the spectrum of a given source, as 
evidenced by their SAGE-SMC or S 3 MC identification, into 
a single entry in our analysis; this is sufficient for spectral 
identification purposes. This further reduced the number by 
58 to a list of 209 unique Spitzer -IRAC point sources, with 
either SAGE-SMC or S 3 MC identifications, for which IRS 
staring mode observations are available. We compiled all 
relevant information in a table available online. Table [5] de¬ 
scribes the columns of the online table. Fig. [2] shows the 
distribution of the 209 sources over the SMC. 

Preferring the IRAC coordinates over the spectrum co¬ 
ordinates, we then matched the IRAC point sources to a 
number of other infrared and optical photometric surveys. 
We obtained MIPS-[24], [70] and [160] matches, within a 
search radius of 3", 9", and 20", resp ectively, from the 
SAGE-SMC survey (I Gordon et al .1120111 ). corresponding to 
half a resolution element in these bands. We also searched 
the Wide-Field Infrared Survey Explorer ( WISE) All-Sky 
Source Catalog for matches within 3”. We also searched 
for AKARI matches in the N3, N4, ST, Sll, L15, and S22 
bands within 3” using the catalogue provided by llta et al.1 


° Gator is the general catalogue query engine provided by the 
NASA/IPAC Infrared Science Archive, which is operated by the 
Jet Propulsion Laboratory, California Institute of Technology, un¬ 
der contract with the National Aeronautics and Space Adminis¬ 
tration. 

7 At the time of writing only the S 3 MC Young Stellar Object Cat¬ 
alog is available in the public domain (A. Bolatto, priv. comm.). 


Table 3. Classification types used in the decision tree shown in 
Fig. on and counts for a total of 209 SMC point sources. The 
last section of the table shows a breakdown of other known types 
(OTHER). 


Code 

Object type 

Count 

YSO-l 

Embedded Young Stellar Objects 

14 

YSO-2 

Young Stellar Objects 

5 

YSO-3 

Evolved Young Stellar Objects 

22 

YSO-4 

HAeBe Young Stellar Objects 

10 

HII 

HII regions 

3 

O-EAGB 

Early-type O-rich AGB stars 

8 

O-AGB 

Oxygen-rich AGB stars 

11 

RSG 

Red Supergiants 

22 

O-PAGB 

Oxygen-rich post-AGB stars 

1 

O-PN 

Oxygen-rich planetary nebulae 

4 

C-AGB 

Carbon-rich AGB stars 

39 

C-PAGB 

Carbon-rich post-AGB stars 

3 

C-PN 

Carbon-rich planetary nebulae 

20 

STAR 

Stellar photospheres 

4 


Dusty OB stars 

23 

RCRB 

R CrB stars 

3 

BSC 

Blue Supergiant 

1 

WR 

Wolf-Rayet stars 

10 

OTHER 

B[e] stars 

2 


Foreground stars 

2 


S stars 

1 


symbiotic stars 

1 


d2010l) . In the near-infrared, the Two Micron All Sky Sur¬ 
vey (2MASS) Long Exposure (6X) survey was searched 
for matches within 2" of the IRAC positions (SAGE-SMC 
matches with 2MASS), and we also used this search ra- 
dius with t he In fraRed Survey Facility (IRSF) catalogue 
(|Kato et al .1120071 ). The Deep Near Infrared S urvey (DENIS) 
of t he Southern Sky catalogue (3rd release; lEpchtein et al.l 
1199914 was also searched with a 2" search radius. In the op¬ 
tical, many of our sources have matches in the Magellanic 
Clouds Photometric Survey ( MCPS; IZaritsk v et al. 120021) 
and the catalogue published by iMasseu i 2002 ). In both cat¬ 
alogues we looked for matches within 1.5” of the IRAC po¬ 
sition. Some of the objects in our sample are actually too 
bright for those two optical surveys, and a search of the TY¬ 
CHO catalogue with a radius of 3” filled in some of these 
gaps. All tabulated photometry is available from the online 
database (see Table [2j. We only provide the magnitudes for 
the purpose of evaluating the shape of the SED. Further in¬ 
formation, including the photometric uncertainties, can be 
found in the respective source tables using the designations 
provided, as well as Appendix 


2.3 Bolometric magnitudes, variability and colour 
classifications 

For each source bolometric magnitudes were calculated via a 
simple trapezoidal integration of the SED, to which a Wien 
tail was fitted to the short-wavelength data, and a Rayleigh- 
Jeans tail was fitted to the long-wavelength data. The fol¬ 
lowing SED combinations were calculated: 

(i) MCPS or iMassevI ()2002l f optical photometry; JHKs 
photometry; and IRAC and MIPS-[24] photometry, all as 
available (mboLphot in Table [2]); 
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Table 2. Numbering, names and description of the columns present in the classification table which is available on-line only. 


Column Name Description 


1 smc_irs 

2 name 

3 sage_spec_class 

4-5 ra_spec, dec_spec 

6 aor 

7 pid 

8 pi 

9 cassis_file_name 

10 irac_des 

11-12 ra_ph, dec.ph 

13 dpos.ph 

14-17 iracl, irac2, irac3, irac4 

18-20 tycho.des, b.tycho, v.tycho 

21-25 m2002_des, u_m2002, b_m2002, v_m2002, r_m2002 

26-29 u_mcps, b_mcps, v_mcps, i_mcps 

30—33 denis.des, i_denis, j_denis, k.denis 

34-37 irsf.des, j Jrsf, h_irsf, kjrsf 

38-41 tmass.des, j.tmass, h.tmass, k_tmass 

42-46 wise.des, wisel, wise2, wise3, wise4 

47-52 akari_n3, akari_n4, akari_s7, akarijsll, akari_115, akariJ22 

53-54 mips24_des, mips24 

55-56 mips70_des, mips70 

57-58 mipsl60_des, mipsl60 

59 mboLphot 

60 mboLphwi 

61 mboLphsp 

62 mboLpwsp 

63-65 mboLmcd, lum_mcd, teff_mcd 

66-67 id_groen, per_groen 

68-72 ogle3id, ogle3mean_i, ogle3mean_v, ogle3amp_i, ogle3period 

73 boyer.class 

74 matsuura.class 

75 sewilo_class 


SMC IRS identification number of the target 
Name of point source targeted 
Source classification determined in this paper 
Position of the extracted spectrum 
Spitzer Astronomical Observation Request 
(AOR) number 

Spitzer observing program identification number 
Last name of the PI of the Spitzer PID 
Name of the file containing the CASSIS -reduced 
Spitzer- IRS spectrum 

SAGE-SMC or S 3 MC IRAC point source designation matching 
the extracted spectrum 

RA and Dec in degrees of the IRAC point source 
Distance in arcsec between the IRAC point source 
and the position of the extracted spectrum 
IRAC magnitudes in bands 1-4 
TYCHO counterpart and its B and V magnitudes 
i Masse^ (2002) counterpart and its £/, B , V, R 
magnitudes 

Matching MCPS U, B , V, I magnitudes 
DENIS counterpart and its /, J, Ks magnitudes 
IRSF counterpart and its J, H , Ks magnitudes 
2MASS 6X counterpart and its J, H , Ks magnitudes 
WISE counterpart and its magnitudes in the four 
WISE bands 

Matching AKARI magnitudes in bands N3, N4, S7, 

Sll, L15 and L22 from Jta^tjrL (2010) 

SAGE-SMC MIPS-[24] designation and magnitude 
SAGE-SMC MIPS-[70] designation and magnitude 
SAGE-SMC MIPS-[160] designation and magnitude 
Mboi calculated by interpolation of JHKs , IRAC and 
MIPS-[24] photometry, with a Wien and 
Rayleigh-Jeans tail 

as #59, but with WISE photometry added 
as #59, but with the IRS spectrum added 
as #59, but with the IRS spectrum and WISE 
photometry added 

Mboi calculated using the SED fitting code from 
i McDonalc^ i etjiL (2009,^012); only good fits are included 
Source ID and variability period in days from 
i Groeneweger^ B et i ^L (2009) 

Source ID and variability information from the 
OGLE survey 

Colour classification from ^o^ei^tjiL (2011j 
Colour classification from i Matsuura ii etjd ii (2013) 

Colour classification from Se wilo et al. (2013) 


(ii) like (i) but combined with the WISE photometry 
( mboLphwi ); 

(iii) like (i) but combined with the IRS spectrum 
(mboLphsp); 

(iv) like (i) but combined with both the WISE photome¬ 
try and the IRS spectrum (mboLpwsp); 

For sources where there is little reprocessing of the 
optical emission, i.e. little infrared excess, bolometric 
magnitudes were calculated using an SED fitting code 
(| McDonald et all 120091 1 20121 ). This code performs a \ 2 ~ 
minimisation between the observed SED (corrected for inter¬ 
stellar r eddening) and a g rid of BT-SETTL stellar atmosphere 
models dAllard et al.[|201ll ), which are scaled in flux to derive 
a bolometric luminosity. This SED fitter only works effec¬ 


tively where a Rayleigh-Jeans tail is a good description of 
the 3 to 8/im region, and provides a better fit to the opti¬ 
cal and near-IR photometry than a Planck function. For the 
most enshrouded stars, fitting the SED with ‘naked’ stellar 
photosphere models leads to an underestimation of the tem¬ 
perature and luminosity, due to circumstellar reddening, and 
hence the integration method (above) for calculating Mboi 
is preferred for very dusty sources. Experience shows that 
good fits can be separated from bad fits in the NIR: if the 
model and observations differ at /, J, H or Ks by more than 
a magnitude in any band, the fit is considered bad. This 
retains the cases where the difference between model and 
observations in the MIR or FIR is large, but often in these 
cases the excess emission is unrelated to the point sources. 
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Figure 2. The SMC IRS targets distributed on the sky, overlaid upon a SAGE-SMC IR.AC 8 pm map. The colour of the points represent 
our classifications, according to the legend. All four YSO subcategories and the HII regions are grouped together in red. The class “stars” 
contains objects classified as STAR and the sub-category of dusty OB stars. The “O-rich evolved” category contains O-EAGB, O-AGB, 
O-PAGB and O-PN objects, and likewise the “C-rich evolved” category groups together C-AGB, C-PAGB and C-PN objects. The Red 
Supergiants are a group by themselves, and “other” contains all other categories (see Table 


In cases where it is related to the point source, making the 
source very red, the values calculated by trapezoidal inte¬ 
gration provide a better estimate of Mboi- T e g, Mbd and L 
for the good fits are included in the online table as teff-mcd , 
mboLmcd, and lumjmcd, respectively (see Table El). 

The sample was then matched to the Optical Gravita¬ 
tional Lensing Experiment (O GLE-III) catalogue of long- 
period variables in the S MC (ISoszvnski et al.1 1201 il l and 
iGroenewegen et al.l (l2009l l to obtain variability periods, and 
the variability information is included in the on-line table 
(see Table EJ- 

Finally, we included a nu mber of colour cla ssification 
schemes for comparison. First, iBover et al. 1 feOlll) have ex¬ 
tended the classification scheme developed bv Idoni et al.l 
(1200611 to classify dusty mass-losing evolved stars into 
subcategories, using IRAC, MIPS and NIR. colours. We 
checked our source list against their catalogue for matches. 
Their classifications (O-AGB, C-AGB, x-AGB, aO-AGB, 
RSG, RGB and FIR) are included in the on-line table as 
boyer_cla ss (see Tabl e EJ- Definitions of these classes can be 
found in IBover et al.l (1201 il l. Furthermore, we also applied 
the co lour classification scheme proposed bv lMatsuura et ahl 
(I2013H to the sources in our list. This classification scheme 
is also designed to distinguish between various kind of very 
red objects, to estimate t he dust production rat e. We ap¬ 
plied the cuts described bv lMatsuura et all (120131 . Fig. 4, 5) 
on our sample and list the classifications that follow from 
these cuts (O-AGB, C-AGB, RSG) in our online table, as 
matsuura_class (see Table EJ- The last colour classification 
scheme we apply is the one proposed bv ISewilo et al.l d2013l l 
for YSOs, who applied classification cuts in the five different 


infrared CMDs, followed by visual inspection of images and 
SED fitting to select YSO candidates from the SAGE-SMC 
survey. We checked our source list against their catalogue 
and identified ‘high-reliability’ and ‘probable’ YSO candi¬ 
dates accordingly ( sewilo_class ; Table EJ- 


3 THE CLASSIFICATION METHOD 

To classify our sample of 209 SMC point sources for which 
IR S staring mode data exist, we follow the method described 
bv IWoods et al.l (l201lh . Fig. [3] shows a restyled version of 
the classification decision tree. We made enhancements to 
the tree, which will be discussed in this section. 

A literature search was performed for each object to 
retrieve other information useful in the process of classifica¬ 
tion, including (but not limited to) determination of stellar 
type, luminosity, age of nascent cluster of stars (if the ob¬ 
ject was found to be a member of a cluster), Ha detections, 
etc. This information was used in addition to the spectro¬ 
scopic data, the photometric matches and derived bolomet- 
ric luminosity, and the variability data, described in Sec. El 
to classify the sources. Any existing classification from the 
literature was used as a starting point before our spectral 
classification. Appendix [A] provides a brief summary of the 
literature s urvey for each o bject . 

As in IWoods et al.l d201 lh . we adopt the following 
categories for our point source classification. Low- and 
intermediate-mass (M < 8 Mg) post-main-sequence stars 
are classified by chemistry (O- or C-rich) and by evolution¬ 
ary stage (asymptotic giant branch, post-asymptotic giant 
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Figure 3. The logical steps of the classification decision tree, where Spitzer IRS spectra (A = 5.2-38 /xm), associated optical, NIR, 
WISE , IRAC and MIPS photometry, luminosity, variability, age and other information are used to classif y SMC infrared poin t sources. 
See Table [H] for key to classification group codes. Figure restyled in appearance from the one published by I Woods et al.l (1201 ll) . 
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branch and planetary nebula), hence our groupings O-AGB, 
O-PAGB, OPN, C-AGB, C-PAGB, C-PN. We propose 
an en hancement of the classification tree by IWoods et al.l 
(1201 lli to include early-type O-rich AGB stars, namely O- 
EAGB. These stars do not show any evidence for dust fea¬ 
tures in their infrared spectra, but they do show long pe¬ 
riod variability in OGLE and MACHO and some evidence 
for continuum infrared excess. Although these stars are in 
the early stages of AGB evolution, they are most likely more 
evolved than genuine early-AGB (E-AGB) stars, which have 
not yet started helium shell burning. E-AGB stars do not 
normally show long period variability. We assume that O- 
EAGB stars are thermally-pulsing AGB-type objects prior 
to the onset of, or just beginning, significant dust forma¬ 
tion. More massive and luminous red supergiants have a 
class of their own, RSG. Young stellar objects can be clas¬ 
sified phenomenologicall y into four groups, YSO-1, YSO-2, 
YSO-3, YSO-4 (see IWoods et all 1201 ll for the definition of 
these classes). Stars showing a stellar photosphere, but no 
additional dust or gas features, or long-period variability, 
are classified as STAR. One observational program focussed 
on stars showing a far-infrared excess in their MIPS pho¬ 
tometry dSheets et al.ll2013l : lAdams et al.ll2013l i. due to the 
illumination and heating of interstellar dust (the Pleiades ef¬ 
fect); these objects are classihed as a subcategory of STAR: 
dusty OB stars. The tree also distinguishes galaxies (GAL; 
even though none are actually found in the present work) 
and Hu regions (HII), and we furthermore have a class for 
R CrB stars (labeled RCRB in the classification table). Fi¬ 
nally the classification OTHER exists for objects of known 
type which do not belong in the categories above and do not 
follow from the classification tree (e.g. B[e] stars). The na¬ 
ture of these objects are usually identified by other means, 
and as such reported in the astronomical literature. 


3.1 Classification Process 

Each source was classified independently by at least three of 
the co-authors. In cases where the classification was unan¬ 
imous, it was simply adopted as the final classification, 
whereas in those cases where some discrepancies occurred, 
we asked additional co-authors to classify the sources, to set¬ 
tle the issue. In some cases, a discussion on the nature of the 
source ensued. We aimed to reach consensus among the co¬ 
authors on the nature of a source in cases where differences 
in classification occurred. 

The lead author of this work (Paul Ruffle) developed an 
internal web browser-based classification tool, to facilitate 
the classification process. The decision tree was built into 
the tool as a series of questions, and the collected data were 
available in tabulated form. For each source the classification 
tool provided a slit image and plots of its spectrum, SED, log 
SED and bolometric magnitudes (see Fig. [T]for examples). 
Each author was free to use either the decision tree logic or 
their own method of classification. There was also room for 
the co-authors to add additional comments to the tabled 

8 Although we were able to use this tool to its conclusion and 
generate the final classification table prior to Paul Ruffle’s unex¬ 
pected death, the tool was intended to be available online indefin- 
tely, for application on other data collections. Unfortunately, the 


4 SAGE-SPEC POINT SOURCE 

CLASSIFICATION 

Table[3]lists the classification types, used in the decision tree 
shown in Fig. [3] and counts for a total of 209 SMC point 
sources, for which S’pitzer-IRS staring mode observations are 
available. The classifications are also shown overplotted on 
the map of the SMC (Fig. [2j. 

Fig. [4] shows typical spectra of objects classified as one 
of the four YSO type objects, as well as a typical IRS spec¬ 
trum of an Hu region. The numbering 1-4 for the YSO 
classes represent an evolutionary sequence, with YSO-1 be¬ 
ing the most embedded and YSO-4 the most evolved type of 
YSO, namely Herbig Ae Be (HAeBe) stars. This is evident 
from the spectral appearance of the silicate feature, which 
appears in absorption towards YSO-1 objects, then gradu¬ 
ally in self-absorption (YSO-2), until it finally appears in 
emission (YSO-3, YSO-4), for less embedded objects. The 
spectra of the YSO-1 objects also show ice absorption fea¬ 
tures, for instance the CO 2 ice feature at 15.2 pm, further 
evidence of their early evolutionary phase. Polycyclic aro¬ 
matic hydrocarbons (PAHs) are seen in the spectra of the 
YSO-3, YSO-4 and Hu classes, indicative of a UV radiation 
field. Atomic lines are also seen, particularly in YSO-3 and 
Hu objects, and the latter category shows a rising contin¬ 
uum indicative of cold dust in the vicinity of the ionizing 
star. 

Fig. [6] shows typical spectra in the group of oxygen- 
rich evolved stars. The earliest type of O-rich AGB stars 
are shown at the bottom of the plot (O-EAGB), and the 
spectra shown here do not show any dust features, while the 
signature of oxygen-rich molecular species may be present in 
the spectra. A slight change of slope due to a small infrared 
excess caused by thermal dust emission, may be visible in 
the SED, however. Later type O-AGB stars, red supergiants 
(RSG) and oxygen-rich post-AGB stars (O-PAGB), share 
spectroscopic characteristics, such as the presence of silicate 
emission features, although the detailed shape can be differ¬ 
ent. To distinguish between the RSG and O-AGB category, a 
bolometric luminosity cut of Mboi= —7.1 is used, while the 
distinction between O-AGB and O-PAGB is based on the 
presence of a detached shell where a double-peaked SED is 
used as a criterion for the latter category. This is demon¬ 
strated in the lower right panel of Fig. [5] showing the SED 
of the sole O-PAGB object in the sample, LHA 115-S 38 
(SMC IRS 257). O-rich PNe (O-PN) may still show a dis¬ 
tinguishable oxygen-rich chemistry in their dust mineralogy 
(although not in the case shown), but they are discriminated 
from C-PN using the presence of PAH lines in the spectra 
of the carbon-rich objects. 

Fig. Ogives an overview of the 5-38 pm spectral appear¬ 
ance of carbon-rich evolved stars. Tracers of the carbon-rich 
chemistry are the C 2 H 2 molecular absorption bands at 5.0, 
7.5 and 13.7/tm, the SiC dust feature at 11.3/xm, the 21- 
pm feature (which remains unidentified and really peaks at 
20.1/im), and the so-called SO-pm feature, which has re¬ 
cently been suggested to be due to the same carbonaceous 

internet service provider where this website was hosted recently 
stopped providing this service and as of yet, the co-authors have 
not been able to reconstruct and resurrect the website with the 
classification tool. 
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Figure 4. Example spectra in the YSO and H II categories. From 
bottom to top, we show examples of YSO-1 through 4, and a spec¬ 
trum of an H II region, in an evolutionary sequence from young to 
more evolved. The spectra are labelled with their SMC IRS num¬ 
ber. Discernible spectral features are indicated with tick marks 
and labels at the top of the diagram. The heavily embedded YSO- 
1 spectrum shows silicates and ices in absorption. The YSO-2 
spectrum shows silicate in self-absorption. Silicate emission and 
PAH features are visible in the spectrum of the YSO-3, YSO-4 
and Hu objects, albeit in different ratios. The Hu region has a 
rising SED slope. 


compound that carries the continuum dOtsuka et al.l 20141), 
while the MgS identificatio n is under debate ( Zhang et al.l 
2009; iLombaert et al .11 20121) . Again, the distinction between 
the C-PAGB and C-AGB categories is based on whether 
the SED is double-peaked, which is evidence for a detached 
shell, indicating mass loss has stopped. Fig. [5] shows two 
clear examples of this, namely SMC IRS 243 and SMC 
IRS 268. SMC IRS 95 is confirmed to be a C-PAGB star 
jKraemer et ah ‘ 20061 : [van Loon et al.lboosh . despite its ab¬ 
sence of a double-peaked SED. C-PAGB and C-PN also show 
the UV-excited PAH features, and in case of the C-PN, the 
presence of atomic emission lines. 

Fig.[8]shows typical spectra of a number of star-like cat¬ 
egories, namely (from top to bottom) stellar photospheres, 
with no discernible dust features in the spectrum; R CrB 
stars, which only appear to show a dust continuum with 
no spectral substructure; a Blue Supergiant in our sample, 
which appears to have a strong far-infrared excess on top 
of a stellar photosphere, and finally Wolf-Rayet stars, which 
may form dust and show the corresponding infrared excess 
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Figure 5. SEDs of the four post-AGB stars in the sample. The 
SMC IRS spectra 95, 243 and 268 correspond to C-PAGB ob¬ 
jects, while SMC IRS 257 is the spectrum of a O-PAGB ob¬ 
ject. The black lines represent the IRS spectra, while the red 
diamonds correspond to the collected photometric measurements 
for each source. The double-peaked structure used as a distin¬ 
guishing feature is visible in the SEDs of 243, 268 and 257. 
2MASS J00364631—7331351 (SMC IRS 95) does not show a dou¬ 
ble peaked structure, but its C-PAGB nature is confirmed using 
near-infrared spectroscopy and the PAH features in the IRS spec¬ 
tra (See Appendix [Aj. 


in the spectrum. The Blue Supergiant and the Wolf-Rayet 
star classifications are taken from the literature, and are not 
based on the infrared spectroscopy. Similarly, Fig. [9] shows 
the spectra of the object types group under OTHER, of 
which the classifications are taken from the literature (see 
Appendix The examples shown in Fig. [9] represent from 
top to bottom a B[e] star, a foreground AGB star, an S star 
and a symbiotic star. Their infrared spectra are not used to 
achieve this classification, and the IRS data are plotted only 
for illustration. 

Figs. I10lll2l show the 209 classified point sources on the 
[8.0] versus J— [8.0] CMD and two different colour-colour di¬ 
agrams (C CDs), overlayed o n the SAGE-SMC point source 
catalogue (iGordon et al.ll201lh in gray scale. 

The [8.0] versus J — [8.0] CMD (Fig. H0l) shows a large 
spread for the population of 209 objects. The stellar atmo¬ 
spheres (STAR) and Wolf-Rayet stars have colours more or 
less indistinguishable from the bulk of the SAGE-SMC cat¬ 
alogue (with J — [8.0] ~ 0-1 mag), and modest brightness at 
8.0 /im, even though these stars are amongst the brightest 
stars in the optical in the SMC. All other categories dis¬ 
played are bright in the IRAC [8.0] band, and often show 
considerable redness in their J — [8.0] colour. In this dia¬ 
gram RSG, O-AGB/O-EAGB, C-AGB and YSOs (all classes 
combined), are reasonably well separated from each other, 
although there are some interlopers. It appears to be difficult 
to separate PNe and YSOs on the one hand, and the most 
extreme C-AGB stars and YSOs on the other hand. Distin- 
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Figure 6. Example spectra of different types of O-rich evolved 
stars. The spectra are labelled with their SMC IRS number. At 
the top the wavelengths of the silicate features and spectral lines 
are labelled. At the bottom of the plot the spectrum of the E- 
OAGB star closely resembles a stellar photosphere. The spectra of 
the O-AGB, RSG and O-PAGB star all show the silicate emission 
features. Distinguishing between these three types is not possible 
from IRS spectroscopy alone, and additional information on SED 
shape and bolometric luminosity is required. The top spectrum 
is characeteristic of a O-PN. 


Figure 7. Example spectra of C-rich evolved stars. Prom bottom 
to top two C-AGB stars are shown, followed by a C-PAGB and a 
C-PN. All four spectra are labelled with their SMC IRS number. 
The tick marks at the top show the position of characteristic 
spectral features. In the C-AGB spectra the molecular absorption 
bands of C 2 H 2 are visible, as well as emission due to SiC and 
possibly MgS f.30//rn, not in all sources). The C-PAGB object 
no longer shows the molecular absoprtion bands, but the SiC 
and the MgS (not always) are still visible. Other features include 
PAH bands and the 21-/rm feature. The infrared spectrum of C- 
PN objects shows the spectral features due to PAHs and atomic 
lines. 


guishing between the four YSO classes is also not possible 
in this diagram. 

Fig. |TT] is a CCD composed of the four IRAC bands, 
namely the [3.6] —[4.5] versus [5.8] —[8.0] colours. The advan¬ 
tage of using a CCD is that it is distance independent. The 
coverage of the sample of 209 objects fans out nicely over 
colour-colour space. In this diagram, the stars and WR stars 
no longer separate well from the rest of the sample, however 
it now appears easier to separate YSOs from C-AGB stars on 
the one hand and PNe on the other hand. However, C-PAGB 
and O-PAGB stars probably overlap with the colour-colour 
space taken up by YSOs, as they transition from the AGB 
region to the PN region in the diagram. But as this phase 
is short-lived, pollution of the colour-selected YSO sample 
with post-AGB stars is limited. Subdivision within the YSO 
category is still not possible, and also the 0-(E)AGB objects 
do not seem to occupy a unique part of colour-colour space. 

Finally, Fig. ll2l shows the J—Ks versus [8.0]—[24] CCD. 
In this CCD, the C-AGB objects are easily separated from 
all other types of objects, as their J — Ks colour quickly in¬ 
creases, with increasing [8.0] —[24]. For 0-(E)AGB stars and 


RSGs this increase is less steep, forming a separate branch in 
the middle of the plot. O-PN and C-PN group together with 
YSOs towards the top of the diagram, showing the highest 
values of [8.0] —[24], against modest J — Ks reddening. 


5 COMPARISON WITH EXISTING COLOUR 
CLASSIFICATIONS 

These 209 spectral classifications will allow us to verify ex¬ 
isting infrared photometric classification schemes that have 
come out of recent studies of the Magellanic Clouds. We 
compare our results with three distinct colour classifica¬ 
tion schemes: a) the JHKs col our class ification scheme 
for evolved stars by ICioni et~ahl (I2006I ). expanded by 
iBover et al.l ll201ll) to include mid-IR wavelengths; b) the 
IR AC classifica tion scheme for AGB stars and RSGs by 
iMatsuur a et al.l (|2013l), which is based on the previous 
work by Matsuura et al.l (120091 ) on the LMC; and c) the 
Spitzer classification scheme to select YSO candidates by 
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Figure 10. [8.0] vs J — [8.0] CMD. The gray scale in the background represents a density plot of the SAGE-SMC point source catalogue, 
while the coloured symbols are the sources classified in this work. For clarity, the plot is duplicated with the coloured symbols spread 
out over the left- and right-hand plot according to the legend. 



Figure 11. [5.8] —[8.0] vs [3.6] —[4.5] all-IRAC CCD. Description as in Fig. 1101 


ISewilo et al.1 (|2013h . based on earlier work by I Whitney et ahl 
fcOOSft . 

5.1 Boyer et al. (l201lh 

In order to classify all evolved stars in th e SAGE-SMC 
llGordon et al.l201 it data. lBover et all (1201 ill devised a clas¬ 
sification sche me, based o n the 2MASS classification scheme 
presented by lCioni et al.1 (|2006h . The basis for this classifica¬ 


tion scheme is the K versus J — Ks CMD (Fig. 1131) . showing 
the cuts for the RSG, O-AGB and C-AGB object classes, su¬ 
perposed on the SAGE-SMC point sources (grey pixels). The 
dott ed line refers to the tip of the Red Giant Branch (RGB), 
and lBover et al.1 d201lh use this line to separate RGB stars 
from the AGB and R SG cate g ories. Photometrically classi¬ 
fied objects from lBover et all (1201 ill are shown as coloured 
pixels. At the red end of the diagram, some photometrically 
classified C-AGB stars appear below the diagonal cut, or 
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Figure 12. [8.0] —[24] vs J — K$ CCD. Description as in Fig. 1101 


even below the dotted line corresponding to the tip of the 
RGB. These objects are called extreme AGB stars, predom¬ 
inantly c arbon-rich, which are defined as J — [3.6] >3.1 
mag (e.g.. lBlum et al.lbood') . Often these objects are so red, 
that they are not detected in 2MASS JHKs, and alterna¬ 
tive selection criteria in the mid-infrared are required. The 
reader is referred to iBover et al.l d201ll'l for a detailed de¬ 
scription. The larger symbols in Fig. [13] represent the sample 
of Spitzer-IRS spectroscopically classified objects described 
in this work. 

5.1.1 C-AGB stars 

Objects showing the C-AGB spectral signature are 
all classified as either C-AGB or x-AGB (most of 
which are expect ed to be C-rich), according to the 
IBover et al.l (120111 1 classification, although three of these 
obj ects are not_ included in the catalogue published by 
iBover et al.l (l201lfl . These objects (OGLE SMC-LPV- 
7488 (SMC IRS 44; SSTISAGEMA J004903.78-730520.1); 
2MASS J01060330—7222322 (SMC IRS 109; SSTISAGEMA 
J010603.27-722232.1); and 2MASS ,100561639-7216413 
(SMC IRS 129; SSTISAGEMA J005616.36-721641.3)) are 
among a larger set of objects that had not been properly 
matched between the IRAC Epochs in the mosaicked cata¬ 
logue (Srinivasan et al. in prep.). These objects were thus 
missing photometric measurements in the point source cata¬ 
logue, in s ome bands, a nd we re therefore not classified (cor¬ 
rectly) by IBover et al.l d201ll l . The on-line table described 
by Table [2] shows the correct photometry for these three 
targets. 

5.1.2 Red Supergiants 

Most of the 21 spectroscopically classifi e d RSG s indeed fall 
within the RSG strip defined by IBover et al.l d201 ill . Only 


three of the object s classif ie d a s an RSG by us were clas¬ 
sified differently by IBover et al.l d201lh using only the pho¬ 
tometry: HV 11417 (S MC IRS 115) is designated as a FIR 
object bv lBover et al.l d201 if) ; Massey SMC 55188 (SMC IRS 
232) as an O-AGB star; and IRAS F00483-7347 (SMC IRS 
98) as an x-AGB star. HV 11417 is a variable star with 
a period of 1092 days, and an amplitude in the I band of 
1.9 mag dSoszvnski et alJ l201l| j. Due to this large ampli¬ 
tude, the timing of the observations affects the IR colours 
of the object significantly, which is why the photometry 
measurements show a small positive slope between 8 and 
24 pm ([8.0] — [24] > 2.3 9mag), causin g it to be classified 
as a FIR object bv IBover et aid d201lh . while the slope of 
the IRS spectrum is distinctly negative. If we disregard the 
FIR colour cut, which is meant to separate AGB stars from 
objects such as YSOs, PNe and background galaxies, this 
object would have been classified as an O-AGB star, which 
deviates fro m our deter mination of RSG, and from past clas¬ 
sifications (lElias et al.lll98(jh . The bolometric luminosity of 
this object is close to the RSG/O-AGB boundary, and could 
be affected by the variability of the object too. The large am¬ 
plitude favours a classification as luminous AGB star over 
a RSG. RSGs were separated from O-AGB stars using the 
classical AGB bolometric magnitude limit (Fig. Q5J), but this 
boundary is not absolute. AGB stars undergoing hot bottom 
burning can be brighter than this limit, while less-evolved 
RSGs can be fainter. This causes some disagreement in clas¬ 
sifications of stars near the boundary. 

Alternatively, the luminosity boundary between RSG 
and O-AGB may not be properl y represent ed by the cuts in 
the Ks vs J—Ks diagram from lBover et all (1201 ill . Similary, 
the misclassification of Massey SMC 55188 also suggests that 
the bolometric cut we applied to distinguish between O- 
AGB stars and RSGs does not correspond to the boundaries 
between these two categories in the Ks vs J — Ks CMD. 
IRAS F00483—7347 clearly shows an oxygen-rich chemistry 
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Figure 13. The lBover et al] d201lT ) photometric classification, based on the work bv ICioni et al.1 (LoOfil i. applied to the SMC. [Boyer et aT] 
[201 t ) begin with the J — Kg classification shown here, then use 3.6 and 8-pm photometry to recover and classify the dustiest sources. 
The slanted lines in this Kg vs J — Kg CMD represent the boundaries of the C-AGB, O-AGB and RSG categories, and the horizontal 
dotted line shows the boundary between the tip of the RGB and the earlier type AGB stars. In gray scale the SAGE-SMC point source 
catalogue is shown in the form of a density plot. The lilac, yellow and dark pink dots represent the RSG, O-AG B and C-AGB objects, 
as they are classified in the Kg vs J — Kg CMD. The light pink dots are the x-AGB stars, selected bv lBover et al.l J20 11 l i . replacing any 
Kg vs J — Kg classification. The x-AGB objects fall mostly within the C-AGB boundaries. The coloured symbols represent the objects 
spectrally classified in this work, following the legends and spread out over two panels for clarity. 


in its spectrum, with the presence of the amorphous silicate 
bands at 9.7 and 18 /im. The object is heavily embedded, 
with a very red SED, and the 9.7-pm feature starts to show 
signs of self-absorption. IRAS F00483—7347 demonstrates 
that not all x-AGB objects are in fact carbon-rich AGB 
stars. 


5.1.3 O-AGB stars 

All objects classified as O-EAG B in this w ork are similarly 
classified as O-AGB bv lBover et al.l (j201ll l. The spectrally- 
confirmed O-AGB objects, however, show a much wider 
spread in colour-magnitude space than the defined strip, and 
they encroach on the photometrically-defined RSG, C-AGB 
and FIR categories. In particular, only two spectroscopi¬ 
cally classified O-AGB stars, HV 12149 (SMC IRS 45) and 
2MASS J00444463—7314076 (SMC IRS 259) are classified as 
O-AGB based on photometry. One object (HV 1375; SMC 
IRS 110) is classified as a C-AGB based on its photomet¬ 
ric colours, and a further six objects (RAW 631, 2MASS 
J00463159—7328464, 2MASS J00445256-7318258, BMB-B 
75, IRAS F01066—7332 and HV 12956) are apparently suf¬ 
ficiently red ([8.0] — [24] > 2.39 mag) to be classified as 
FIR, even though they are not background galaxies, YSOs 
or PNe. These six objects are heavily embedded, and show 
the effect of a high optical depth in the relative strength of 
the 18 /im silicate band with respect to the 9.7-pm band. 
They also show evidence for the presence of crystalline sili- 
cates in their spectrum, another sign o f high optical depth 
llKemper et al.l [200ll : I Jones et all 120121 ). Finally, HV 2232 


(SMC IRS 230) and HV 11464 (SMC I RS 309) are photo - 
metrically classified as Red Supergiants dBover et al.lLoilf ) 
(see the table described by Table [2]|. 


5.1.4 Additional sources 


The further nine interlop ers in the C- AGB/x-AGB section 
of the CMD defined by iBover et al.l J201ll ! are a mixed 
bag of objects, all but one falling in the x-AGB category. 
These objects reflect selection biases and include rare cat¬ 
egories of previously known types such as R CrB stars 
(2MASS J00461632—7411135, 2MASS J00571814-7242352 
and OGLE SMC-SC10 107856), an S star (BFM 1) and a 
B[e] star (Li n 250 ). The se object types are not included 
in the [Bover et al.l d201ll f classification scheme, and could 
therefore never have agreed with the spectral classification. 
True misclassifications are the objects thought to be C-rich 
AGB stars, only to be revealed to be something else based 
on their IRS spectroscopy. These include O-PAGB star 
LHA 115-S 38, YSO-2 object 2MASS J01050732-7159427, 
and RSG IRAS F00483-7347. NGC 346:KWBBe 200 is 


a special case, as it was thought to be a B [e] supergiant 
dWisniewski et al. 2007a ), but its classifica tion has recently 
been revised to a YSO ( Whelan et al . 2013l l , in line with our 
classification of YSO-3 (See Appendix EL _ ,_. 

The FIR category defined by IBover et alj d201lh was 
introduced to exclude YSOs, compact H 11 regions, PNe and 
background galaxies from the AGB/RSG sample, by apply¬ 
ing the [8] — [24] > 2.39 mag cut, corresponding to a rising 
continuum. Indeed, 14 out of 23 FIR objects are either C-PN 
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Wavelength [um] 


Figure 8. Example spectra of objects with stellar photospheres 
or similar. Shown here from bottom to top are the spectra of a 
WR star, a BSG, a R CrB star and a regular stellar photosphere, 
labelled with their SMC IRS number. The WR star shows some 
atomic lines in its spectrum (marked at the top of the diagram), 
but the other spectra are rather featureless. The infrared excess 
in the R CrB and BSG objects are caused by dust emission. 

(three objects) or YSOs (11 objects), according to their IRS 
spectra. The remaining nine FIR objects include the six O- 
AGB stars discussed in Sec. 15.1.31 but also a symbiotic star 
(SSTISAGEMA J005419.21-722909.7; SMC IRS 260) and a 
C-PAGB (2MASS J00364631-7331351; SMC IRS 95), both 
of which are classified based on their IRS spectra. 

5.2 Matsuura et al. (l2013h 

The second c l assific ation scheme was proposed by 
iMatsuura et al.l (|2009l) to identify mass-losing O-rich and 
C-rich AGB stars, as well as Red Supergiants, in order to 
estimate the dust production budget in the LMC, separated 
out by C-rich and O-rich chemistries. The scheme is based 
on the IRAC bands, using the [8.0] vs [3.6] —[8.0] CMD, and 
separates out the O-rich AGB stars and RSGs on the one 
hand, and C-rich AGB stars on the other hand (Fig. 1141) . 
IMatsuura et al.l d2009l ) used only this diagram to classify 
the IRAC poin t sources in the LMC, but for the SMC, 
IMatsuura et al.l d2013l ) added an extra step to overcome pol¬ 
lution between the categories for redder [3.6] —[8.0] sources. 
Indeed, from Fig. [TT]it is clear that the red part of the C- 
AGB section is dominated by sources identified as YSOs (tan 
diamonds), while a significant fraction of the O-AGB objects 



Wavelength [um] 


Figure 9. Example IRS spectra of objects in the OTHER cat¬ 
egory. From bottom to top we show the spectra of a symbiotic 
star, an S star, a foreground (Galactic) O-AGB star and a B[e] 
star, all labelled with their SMC IRS number. Relevant spectral 
features due to silicates are labelled at the top of the figure. 

(blue diamonds) also fall within the C-AGB section. In the 
second step, MIPS and NIR data are included, and a com¬ 
plex series of cuts is made in the K s~\ 24] vs 7Cs-[8.0] CCD 
(see Fig. 5 in IMatsuura et aPl2013l . ; the equations are not 
provided). In cases where the classification using the Ks~ 
[24] vs As-[8.0] diagram (Fig. fl5l) deviates from the [8.0] 
vs [3.6] —[8.0] classification, the 7\'s-[24] vs A's-[8.0] classi¬ 
fication takes preference. Most spectral classifications agree 
with the photometric classification in the second step (see 
Fig. 1151) . In case where sources were only classified in one of 
the two steps, we used that classification. We have executed 
this classification method for our 209 sources, and included 
the results in the table described by Table [2] 

5.2.1 Carbon-rich AGB stars 

The t wo-step classification described by IMatsuura et al.l 
(120131) correctly identifies most of the spectroscopically 
classified C-AGB stars in our sample as such. In only 
three cases was an object photometrically classified as 
being oxygen-rich (RSG/O-AGB), while the spectroscopy 
shows the carbon-rich nature of the source. These sources 
are 2MASS J00515018-7250496 (SMC IRS 103); 2MASS 
J00524017—7247276 (SMC IRS 127) and IRAS 00350-7436 
(SMC IRS 238). IRAS 00350—7436 is among the brightest 
mid-infrared objects in the SMC, and falls above the C-AGB 
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[3.6M8.0] [3.6]-[8.0] 


Figure 14. First step of the iMatsuura et al.i d2013l l photometric classification method, based on the work by iMatsuura et alj l200?j ). 
applied to the SMC. The solid lines in this [8.0] vs [3.6]-[8.0] CMD represent the boundaries of the C-A GB category, and provide a lower 
boundary to the RSG/O-AGB category. The dashed line shows the position of the YSO limit used by iBover et al.l d201ll) . All colours 
have the same meaning as in Fig. m 



K s - [8.0] K s - [8.0] 


Figure 15. Second step of the IMatsuura et al .l (12013 ') photometric classification method. The solid lines in this Kg—{ 24] vs Kg [8.0] 
CCD represent the boundaries of the various evolved star categories. All colours have the same meaning as in Fig. 1131 


cut in Fig. 4 of lMatsuura et all (l2013l h due to its exceptional 
brightness. 

Furthermore, the cla ssification of several C-AGB stars 
by IMatsuura et alj d2013l l disagrees with the spectral clas¬ 
sification. These include: a C-rich post-AGB star (2MASS 
J00364631—7331351; SMC IRS 95), four O-rich early-type 
AGB stars (HV 1366, HV 11303, HV 838 and HV 12122; 


SMC IRS 36, 38, 39 and 116, respectively), a WR star 
(HD 5980; SMC IRS 281), a RSG (HV 11262; SMC IRS 
111), a YSO-3 object (NGC 346:KWBBe 200; SMC IRS 
19), the three R CrB stars (2MASS J00461632-7411135, 
2MASS J00571814—7242352 and OGLE SMC-SC10 107856; 
SMC IRS 94, 114 and 245, respectively), the two fore¬ 
ground O-rich AGB stars NGC 362 SAW V16 and HV 206, 
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the S star BFM 1 and the symbiotic star SSTISAGEMA 
J005419.21 — 722909.7. The last four objects are all in the 
OTHER catego r y, wh ich contains subclasses the work by 
iMatsuura et al.l ( 20131 ') does not seek to classify. The four 
O-rich early-type objects have actually long been recognized 
as such, in some cases their nature was already known in the 
1980s, an d they fall onl y slightly outside the boundaries in 
Fig. 5 of IMatsuura et all d2013n . The RSG HV 11262 has 
very similar it's—[8.0] and As-[24] colours to the four O- 
EAGB objects. 2MASS J00364631—7331351 is not properly 
filtered out by Fig. 5, as it falls just below the As-[24] = 
8 mag cutoff that is meant to exclude YSO, C-PN, and C- 
PAGB objects from the C-AGB category. The R CrB stars 
represent a rare class which, not surprisingly, overlaps in in¬ 
frared colours with the C-AGB stars, as i t is be li eved that 
the dust in these stars is carbonaceous (lFeastlll986il . HD 
5980 i s the only WR star that is classified by Matsuura et al.l 
(l2013h . Although other WR stars do appear in Fig. [TT] they 
do not receive a classification as they are too faint in the [8.0] 
band. HD 5980 is considerably brighter in the [8.0], and is 
th e on ly WR star with a MIPS-[24] detection in the SMC 
dBonanos et al IfsoTcI) . Closer inspection of the IRS spectrum 
seems to suggest that a chance superposition with a compact 
H II region gives rise to this 24 /im detection, and is actually 
not a detection of the WR star itself. Thus, the position of 
HD 5980 in Fig. QT]and the classification following from it, 
should be disregarded. Finally, NGC 346:KWBBe 200 is a 
curious object, which, from its IRS spectrum appears to be a 
YSO, but has characteristics in common with B[e] stars (See 
Appendix ©. It falls well outside the box defined for YSO, 
C-PN and C-PAGB, perhaps due to its unusual nature. 


stars. The other objects in this category include two carbon- 
rich evolved stars, 2MASS J00444111—7321361 (SMC IRS 
268), a C-PAGB object, and Lin 343 (SMC IRS 161), a C- 
PN. Both of these objects should have fallen in the YSO/C- 
PN/C-PAGB, but with As-[24] just below 8 mag they both 
just miss the cutoff. Since Fig. QT] does not show any O- 
rich objects in the vicinity of the K-[24] = 8 mag cutoff 
between C-rich and O-rich post-AGB objects, a case can be 
made to lower the cutoff slightly. Finally, the remaining two 
mis c lassifie d obj ects i n the O-PAGB/O-AGB category by 
IMatsuura et al.l (l2013l l are spectrally classified as B[e] stars 
in the OTHER category. They are RMC 50 (SMC IRS 193) 
and Lin 250 (SMC IRS 262). 

When checking the reverse direction, we find that all 
objects classified by us as O-AGB are indeed identified as 
either O-AGB or as O-PAGB/O-AGB according to the clas¬ 
sification scheme bv IMatsuura et akl d2013l L However, this 
classification scheme misclassifies all objects identifi e d as O- 
EAGB by us. According to the scheme by IMatsuura et al.l 
(120131) , they are either C-AGB (See Sect. [oTTl four out of 
eight objects), or remain unclassified, as they have [3.6] — 
[8.0] < 0.7 mag, rendering them unclassifiable in Fig. 1141 and 
have Ks~ [8.0] < 0.5mag and As —[24] < 0.5mag, which 
causes them to fall outside all boundaries in Fig. QT] This 
also happens to six of the 22 objects classified by us to be 
RSGs; one is misclassified as a C-AGB (See Sect. l5.2Tll . and 
the other five do not receive a classification because their 
colours are too blue (i.e. their mass-loss rates are too low). 

Our sample of 209 targets with IRS spectra contains 
only one oxygen-rich post-AGB star, wh ich agrees with 
the O -PAGB/O-AGB classification from IMatsuura et al.l 
ll2013l) . 


5.2.2 Oxygen-rich AGB stars and RSGs 

Since t h e main purp ose of the classification scheme by 
IMatsuura et al.l (120131 is to determine the dust production 
by evolved stars distinguished by carbon-rich and oxygen- 
rich chemistry, the subdivision in types of evolved stars 
within the oxygen-rich class is less important. In fact, in the 
first step, all types of oxygen-rich evolved stars (AGB stars 
and RSGs) are lumped together as RSG/O-AGB fFig. 1141) . 
while in the second step a subdivision is made between 
O-AGB (which also includes RSG) and O-AGB/O-PAGB 
(Fig. 1151) . The latter category contains the more evolved 
O-AGB stars. Thus, a total of three partially overlapping 
categories exist. The RSG/O-AGB category contains ob¬ 
jects that are classified as such in the first step, but re¬ 
mained unclassified in the second step. This class contains 
only three objects (2MASS J00515018—7250496, 2MASS 
J00524017—7247276 and IRAS 00350-7436), which are all 
C-AGB according to their IRS spectroscopy, and are already 
discussed in Sec. 15.2.11 

The 24 objects classified as O-AGB in the second step 
are indeed all O-AGB or RSG objects according to their IRS 
spectroscopy. However, the category O-PAGB/O-AGB con¬ 
tains a more diverse range of objects . Of the eight SMC IRS 
objects classified by the method of IMatsuura et aD (120131 ) 
to be in this category only four are genuine O-rich evolved 
stars: IRAS F00483—7347 (SMC IRS 98) is a RSG according 
to our classification, LHA 115-S 38 (SMC IRS 257) is found 
to be a O-PAGB object, and 2MASS J00463159-7328464 
(SMC IRS 121) and HV 12956 (SMC IRS 277) are O-AGB 


5.3 Sewilo et al. (l2013h 

The third classihcatio n scheme that we com pare with is the 
method deve l oped by IWhitnev et al.l (l2008ll and refined by 
ISewilo et al.l (l2013li to select YSO candidates. From t he set 
of CMDs used bv lwhitnev et al.1 (l2008h . ISewilo et all (l2013li 
selected a combination of five different CMDs to select YSO 
candidates in the SMC. Two of these diagrams are repro¬ 
duced in this work, with the 209 IRS point sources overplot¬ 
ted (Figs. 1161 and fTTl) . A fter the initial colour selection of 
YSO candidates, ISewilo et al.l d2013l l performed additional 
tests, including a visual inspection of the imaging, a check 
against the SIMBAD and other catalogues for known non- 
YSO so urces, and fitting again st the YSO SEP grid calcu¬ 
lated by iRobitaille et al.l (l2006f) . ISewilo et al.l ll2013ll arrive 
at a list of approximately 1000 ‘high-reliability’ and ‘proba¬ 
ble’ YSOs in the SMC. 

Although Figs. QT] and [TT] appear to show considerable 
amount of pollution from non-YSO IRS staring mode tar¬ 
gets, as well as many confirmed YSOs based on the IRS 
data straying out of the defined boxes, it is the combina¬ 
tion of the five CMDs, along with the additional non-colour 
based checks tha t yie lds a highly reliable YSO candidate list. 
Indeed, the ISewilo et al.l (l2013n classification favours relia¬ 
bility over completeness, and CMD areas with significant 
pollution due to other sources (background galaxies, PNe) 
have been excluded. The list of 209 IRS staring mode point 
sources contains nine objects classified as probable YSOs by 
I Sewilo et al.l d2013h . and 45 high-reliability YSO candidates. 
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[4.5]-[8.0] [4.5]-[8.0] 

Fi gure 16. One of t he CMD diagrams used in the ISewiio et alj (l2013f) selection method for candidate YSOs, based on the work by 
I Whitnev et al.1 (2008). This [8.0] vs [4.5]-[8.0] CMD diagram shows the cut used in solid black lines. In gray scale the SAG E-SMC point 
source catalogue is shown in the form of a density plot. The light blue dots represent the YSO candidates finally selected by lSewilo et alj 
( 20131). The colour ed symbols show the location of the objects spectrally classified in this work, spread out over two panels for clarity. 
( Sewilo et al. 2 013i ). based on iWhitnev et al.ll200Si ) 
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Figure 17. As Fig. 1161 but now for [8.0] vs [8.0]-[24]. 


Of the high-reliability YSOs for which IRS observations are 
available, we find that the vast majority are indeed YSOs 
(covering all four classes). Only two objects turn out to 
be something different: Hu region IRAS 00436—7321 (SMC 
IRS 310) and C-PAGB object 2MASS J01054645-7147053 
(SMC IRS 243). Among the probable YSO candidates, the 
success rate is lower: four out of nine are not YSOs, upon 


inspection of their IRS spectra. RMC 50 (SMC IRS 193) is 
a B[e] star, while SMP SMC 11 (SMC IRS 32), LHA 115-N 
43 (SMC IRS 155) and Lin 49 (SMC IRS 292) are actually 
C-PN objects. 

Furthermore, there are three YSO-3 type objects, as 
spectrall y classified, that ar e not identified as YSO candi¬ 
dates by lSewilo et al.l (|2013i ]. These are NGC 346:KWBBe 
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200 (SMC IRS 19), 2MASS J00465185-7315248 (SMC IRS 
269) and LHA 115-N 8 (SMC IRS 274). 


6 SUMMARY 

We have analysed all 311 Spitzer-IRS staring mode obser¬ 
vations within the SAGE-SMC IRAC and MIPS coverage 
of the SMC (iGordon et al.ll201lll . After removing IRS ob¬ 
servations of extended emission, blank sky and duplicate 
observations, we find that 209 unique IRAC point sources 
were targeted. We applied the i nfrared spectros copic clas¬ 
sification method devised bv lWoods et alj (l201ll l. with the 
addition of one more category, namely O-EAGB stars (early- 
type oxygen-rich AGB stars). We find that the Spitzer-IRS 
staring mode sample of point sources in the SMC contains 
51 YSOs, subdivided in 14 embedded YSOs (YSO-1), 5 less- 
embedded YSOs (YSO-2), 22 evolved YSOs (YSO-3) and 10 
HAeBe type objects (YSO-4). Furthermore, we find the sam¬ 
ple contains 46 oxygen-rich evolved stars: 8 O-EAGB stars, 
11 O-AGB stars, 22 RSGs, 1 O-PAGB object and 4 O-PN 
objects. 62 objects turn out to be carbon-rich evolved stars, 
namely 39 C-AGB stars, 3 C-PAGB objects and 20 C-PN 
objects. The sample also includes 3 R CrB stars, 1 BSG 
and 10 WR stars. 27 objects show stellar photospheres, 23 
of which were selected based on their MIPS-[24] excess, and 
labelled by us as dusty OB stars. It turns out that the 24- 
/rm emission is in general not related to the host OB star 
llAdams et al.ll2013l : ISheets et al.ll2013h . Finally, the sample 
includes a small number of other objects (OTHER), which 
do not follow from the classihcation method. These include 
2 B[e] stars, 2 foreground oxygen-rich AGB stars, an S star, 
and a symbiotic star. 

In this work, we have compared the resulting spectral 
classifications with the outcome of photometric classifica¬ 
tion schemes. It should be noted that the spectroscopic ob¬ 
servations are obtained in 14 different observing programs, 
with a diverse range of science goals. Thus, there is no ho¬ 
mogeneous coverage of colour-magnitude space, and it will 
be impossible to quantify the goodness of any given pho¬ 
tometric classification method. Furthermore, the observing 
programs tend to target rare types of sources in a dispro¬ 
portionate amount, and some of these rare type of sources 
(R CrB stars, WR stars, B[e] stars, etc.) are not included 
in photometric classification schemes, precisely because they 
are rare. Thus, these objects tend to pollute the classifica¬ 
tion schemes discussed here, but statistically they are rather 
insignificant. 

We reviewed three different photometric classification 
schemes for infrar ed so urces in the SMC: the schemes by 
iBover et al.l (l201lj) and iMatsuura et al.l (l2013li for evolved 
star^ and th e cla s sifica tion scheme to select candidate YSOs 
by ISewilo et al.l (l2013l l. The latter scheme is not a pure 
photometric classification, as it includes additional steps, 
such as visual inspection of the direct environment of the 
point source in imaging, checks against existing catalogues 
and fitting against th e grid of YSO SEDs calculated by 
[Robitaille et al.l d200fjl . However, as discussed in Sec. E31 
the 54 overlapping sources from this work with the result¬ 
ing YSO candidate list are mostly correctly classified. Only 
a few sources are misclassified in either direction, i.e. three 
spectroscopically conhrmed YSOs were not on the candidate 


list by lSewilo et al.l (l2013fl . and six sources on the candidate 
list were found to be something else upon inspection of their 
IRS spectroscopy. All-in-all we conc lude that the YSO can¬ 
didate list produced by lSewilo et al.l (l2013h is reliable, with 
48/54 sources indeed being YSOs and the high-reliability 
sources doing better than the probable sources. Only three 
spectroscopically confirmed YSOs were missed due to un¬ 
usual infrared colors. 

The two photometric classification methods for evolved 
sta rs can be directly compared to each other. The method 
by IBover et al.l (1201 il l has its focus on ide ntifying the en¬ 
tire du sty evolved star population, while the lMatsuura et al.l 
(l2013h method is mainly driven by the motivation to de¬ 
termine the carbon-rich and oxygen-rich dust production 
rates. Thus, in the later method, correct identification of 
lower mass-loss rate stars is not so important. Both meth¬ 
ods can be used to estimate the integrated dust production 
rate. Due to the low metallicity of the SMC, carbon-rich 
evolved stars are m ore numerous (Bla nco et al.lll978l . Il980l : 
iLaeadec et al.l l20071. and the carbon stars have, on average, 
the highest mass-loss rates. Thus, identifying carbon stars 
correctly is importan t as they dominate the dust budge t 


(IMatsuura et al.l[2009l : IBover et al.||2012|: Riebel et al.l2012f l . 

Apart from rare object classes. IBover et al.l (1201 lh very ef¬ 

ficiently separate C-AGB stars from the other classes, only 
classifying one non-C-AGB star as C-AGB s tar, while classi¬ 
fying all genuine C-AGB objects as C-AGB. iMatsuura et al.l 
(l2013l l do slightly worse, with three genuine C-AGB objects 
being classihed as something else, and a number of objects, 
including some rare types, incorrectly classihed as C-AGB 

star. _ 

_ On the oxygen-rich side, we find that IMatsuura et alJ 

(l2013l l perform better for the high-mass loss rate objects (O- 
AGB stars), but that they perform rather poorly on the low- 
mass rate objects ( O-EA GB stars), while the performance 
of the IBover et alj (|201ll l classihcation method is reversed 
because of overlap between high-mass AGB stars and RSGs 
near the classical AGB limit. 

Finally, we note that of the two steps involv ed in 
the classihcation method by IMatsuura et alj (l2013h . the 
second step (Fig. 1151) matches very well with the ac- 
tual spectroscopic cla ssihcation. It has been introduced by 
2013) as a correction on the first step from 
|2009r ). but almost all photometric classi- 


Matsuura et al. 


Matsuura et al. 


hcations currently included in the online table described 
by Table [5] correspond to the second step, and most of 
the time match the spectroscopic classihcation, rendering 
th e hrst step practic ally unnecessary. Thus, in case of the 
IMatsuura et al.l (120131 ) classihcation scheme, applying only 
the second step, as demonstrated in Fig. 1151 would suffice 
for dusty sources. 
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APPENDIX A: LITERATURE-BASED 
CLASSIFICATION SUPPORT FOR SAGE-SPEC 
OBJECTS 

NGC 346 MPG 320 (SMC IRS 16) d erives its name from 
the catalogue by iMassev et al.l (Il989h . ISimon et al.l (I2007T ) 
list it as entry no. 79, a probable YSO, consistent wit h 
our cl assification as a YSO-2. However, iLebouteiller et ahl 
(120081) suggest that this point source is n ot ste llar but rat her 
a Photon-Dominated Region 1PDR). 1 Whelan et al.l (l2013h . 
who list _this as PS12, follow that suggestion. Furthermore, 
iKamath et al.l (I2014T ) list it as a PN c andidate. This source i s 
also known to be an infrared variable dPolsdofer et al.ll2015lh 
NGC 346 MPG 454 (SMC IRS 18) d erives its name from 
the catalogue by IMassev et al.l |l989|). It is l ocated at the 
position of N66, an Hu region dHeniz 1 1956h. Th is source 
also o ccurs in the list of candidate PNe by Kamath et alj 
(|2014T) . Chandra X-ray observations reveal that NGC 346 
MPG 454 is one of the brightest blue stars in the NGC 346 
cluster dNaze et al.l |2002| J . Indeed, the in frared part of the 
spectrum is domina ted by a massive YSO dSabbi et al.ll2007l : 
IWhelan et al.|[2013l) . in the latter work catalogued as PS9. 
NGC 346:KWB Be 200 (SMC IRS 19 ) is also known as NGC 
346 MPG 46 6 dMagsey_iA_iI] ll989l) , It is known to show 
H a emission dMevssonnier fe Azzo2 ardj[|l99jl . It occ urs in 
the list of PN candidates by IKamath et ah d2014j). The 
source was recognized as a classical Be star bv lKeller et al.l 
119991) , and it al s o deriv es its name from this catalogue. 
[Wisniewski et ahl (|2007bi ) performed a study of classical Be 
stars in NGC 346, and in a detailed follow-up paper on NGC 
346:KWBBe 200 alone they con cluded that this object is 
in fact a dusty B[ej supergiant dWisnicws ki et al.l l2007al ). 
However, recentIv lWhelan et al.l d2013l ) suggested that NGC 
346:KWBBe 200 is not an B[e] supergiant, but rather a Her- 
big AeBe star, based on the presence of silicate emission 
features, PAHs and cold dust. In this paper, we classify this 
object as an YSO-3. 

NGC 346 MPG 534 (SMC IRS 20) derives its name from 
the catalogue by IMassev et al.l d 1989h . The location coin¬ 
cides with that of the N66A Hu region dHeniz eji 19561) . but 
also with two class I p rotostars, o f which the heaviest is 
thought to be 16.6 M^dSim on et al.| 20071), later updated 
to 17. 8 M@ d Whelan et all 20131 ). Hevdari-Malaveri fe SelieJ 
d20ld) report that an 08 star is responsible for ionizing the 
N66 A H u reg ion. This source is a known infrared variable 
dPolsdofer et al.ll2015l . Riebel et al. in prep.). 

NGC 346 MPG 605 (SMC IRS 21) was iden tified for the 
first time as an H a emitte r (N66B; Henizdl956|) , and then in 
the survey of NGC 346 bv lMassev et al. ( 19891 ) (star number 


605) and classified as a red star. IKamath et al.l d2014l ) list 
this object as a PN candidate. The star (also kn own as N GC 
346:KWBBe 448) has been then observed by iKeller et al.l 
l|l999l) and classified as having Be spectral type. The spec tral 
type has been established also bv lMartavan et al.l (J201(j) as 
being B0:. The star (95) has also been observed with F555W 
(V) and F814W (I) Hu bble Spac e Telescope ACS filters b y 
IGouliermis et alj (120061 ) (see also lHennekemper et al.ll2008l ). 
The star seems to be located close to the border between 
upper main sequence (UMS) and red giant branch (R GB). 
Similar observations have been performed by ISabbi et al.l 
d2007l) (source 17) and the obtained magnitudes may sug¬ 
gest that the star is a red giant branch (RGB) source. In 
the infrare d this source has be en detected by /50-CAM 
(source F -IContursi et al.ll2000l) and then by Spitzer (see 
IBolatto et all 2007 ). Using SED fits ISimon et al.l (120071 ) clas¬ 
sify the source as Clas s I YS O . The SL _Spitzer spectrum 
has been analyzed by IWhelan et al.l (|2013l ) (source PS6), 
and shows silicate emission features, which is rare among 
youn g star clusters . The reduced spectrum presented by 
IWhelan et al.l (120131) does not show H 2 S(3) emission at 9.67 
^m, w hile it s eems to be present in our reduced spectrum. 
IWhelan et al.l (120131 ) assume that the optical star related to 
this IR source has spectr al type 05.5V (star number 37 in 
iHennekemper et al.ll2008h . However this star is located more 
than 3 arcsec (about 1 pc) from the IR source, and probably 
unrelated. 

NGC 346 MPG 641 (SMC IRS 22). The optical counterpart, 
located at about 0.8 arcsec from th e extracte d posit ion, was 
detected for the first time by [Masse^et^L d 19891). B etter 
photometry has been obtained by Hevdari-Malaveri fe Selier] 
d2010l) using the NTT (sta r N66A-2). The s tar has been 
classified as an UMS star (IGouliermis et aPl2006l ). Near- 
infr ared observations with the VLT have been performed 
by IGouliermis et all (l2010l . ID number 1043), who con¬ 
clude that this is a classical Be star with approximately 
B0.5 V spectral type. In the infrared this source ha s bee n 
detected by ISO- CAM (sou rce H - IContursi et al.ll2000l). 
Spitz er (IBolatto et al.ll2007l ). and Herschel ( Meixner et al.l 


2013). The_SL Spi tzer spectrum has been analyzed by 


Whelan et al.l (120131) (source PS4). It shows that at this 


position the extended emission is sign ificant an d ‘o ptima l 
extraction’ is required. Using SED fits ISimon et al.l (120071) 
classify the source as a Class I YSO, while we conclude that 
this is an H 11 region. 

LHA 115-N 1 (SMC IRS 26) has been detected as an Ha 
emissio n-line obj e ct by Henize dHenizel Il956l ). and classi¬ 
fied by iLindsavl dl96ll ) as a probable planetary nebula. 


Its nature as a planet ary nebula has been confirmed by 
ISanduleak et al.l (Il978l . SMP SMC 1). iBernard-Salas et al.l 
(2009) already presented the IRS spectrum, showing that 
this object has an extremely strong 11.3-/rm feature due to 
SiC emission . Furth er discussion of this object is given by 
lOtsuka et al.l (120131) . 

LHA 115-N 4 (SMC IRS 27) is also catalogued as Lin 16, 
and SMP SMC 3. It is a well known SMC planetary nebula 
first catalogued by [Heniz 1 (1 19561) as an emission line ob¬ 
ject. It was sub sequently identified as a planetary nebula in 
lLindsay| (jl 9 6ll). I t was noted as a lower excitation object 
in iMorganl (119841) . Various optical spectroscopic observa¬ 
tions were carried out in the late 1980s and early 1990s, but 
the first determination of the C/O ratio was carried out by 
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IVassiliadis et al] (Il996h showing that the nebula is carbon- 
rich. There were no mid-infrared observations of this object 
prior to the Spitzer spect roscopy which was presented in 
IBernard-Salas et al.l (I2009lh Their classification of the spec¬ 
trum as being carbon-rich agrees with ours. 

LHA 115-N 6 (SMC IRS 28) is another well-studied plan¬ 
etary nebula in the SMC: it is also known as SMP SMC 6, 
Lin 33, IRAS 00395-7403, LI-SMC 12, CSC 09141-007041, 
and 2MASS J00412777—7347063. The ob ject was first noted 
as an emission-line object by Henize |l95f|) and classified 
as a planetary nebula by lLindsavr~([196ll ~). The object is 
bright enough to have been detected by the Infrared As¬ 
tronomical Satellite (IRAS), and aside from the original 
IR AS PSC there are p ointed observations for this object 
dSchwering fe Israelii 1989l f. The star was found to be of Wolf- 
Ra yet type by E. J. Wampler (unpublished, 1978: reported 


by IMonk et al 


1 98811. The nebu la wa s initially found to be 


Vassilia dis__et_al,l dl996|); howeve r this was re- 


oxygen-rich by _ 

vised to carbon-rich by St anghellini et al. 1 <2009ll wherein the 
carbon abundance is determined from HST observations and 
combined with a previous ground-based oxygen abundance. 
The latter result is consistent with our spectral classifica- 
tion of C-PN, which is th e same as the classification from 
IBernard-Salas et al.l (l2009i l where the Spitzer spectrum was 
first published. 

LHA 115-N 67 (SMC IRS 29) was discovered by Henize 
1956) and identified as a planetary nebula by iLindsav 


196li l. The object has many other names including Lin 333, 


SMP SMC 22, and DENIS-P J005837.0-7131548. It also 
appears to be a super-soft X- ray source detected by Ein¬ 
stein , ROSAT , an d XMM (i.e. iPelleerini fe Fabbiand[l994l : 
ISturm et al.ll2013h . Our classification of the object as an O- 
rich PN based on the infrared s pectrum is consistent with 
the abundance determinations of lLeisv fe Dennefeldl (jl996i l 
which suggests C/O of 0.275 from combined optical and IUE 
spectroscopy. Similar abundance results were obtained by 
IVassiliadis et al.l (Il998l l. 

Lin 536 (SMC IRS 30) is a PN with cold dust compared 
to other Magellanic Clou d PNe (SED peaks around 30 /rm 
IBernard-Salas et alj|2009l l. HST ACS prism spectra show it 
is somewhat carbon-poor, with an A(C) ~ 7, whi le other 
PNe in the SMC have A(C) > 8 dSmith et al.lll995h . 

LHA 115-N 70 (SMC IRS 31) was discovered by Henizel 
1956), and identified as a planetary nebula by [Lindsavl 


19611 1 under the name Lin 347. It is also known as 


2MASS J00591608—7201598 and SMP SMC 24. No car¬ 


bon abundance was available for t h is neb ula before the 
measurement of IStanghellini et akl d2009h which, along 
with a previous o xygen abundance determination from 
ILeisv fe Dennefeldl (119960 . suggests that the object has 
C/O just larger than unity. The mid-infrared spectrum of 
the objec t was considered as being unusual (but carbon- 
rich) in IBernard-Salas et al.l (l2009l l. and some of the 
emission features were i dentifi ed as due to fullerenes by 
iGarcfa-Hernandez et al.l (1201 if) . These are all consistent 
with our classification as a C-PN. 

SMP SMC 11 (SMC IRS 32). is a well known PN. Other 
names for this object include LHA 115-N 29, Lin 1 15, and 
IRAS 00467—7314. The object was first discovered bv lHeniz~3 
(I1956T) as an emission -line object, an d it was classified as a 
planetary nebulae by iLindsavl (1 196 if) . The carbon-rich na¬ 
ture of the nebula was confirmed from HST observations 


well before there was any mid-infrared spectro scopic infor¬ 
mation available (i.e. IStanghellini et al.ll2003bl 'l. Due to the 
relatively strong mid-infrared emission the object was de¬ 
tected by IRAS in the PSC and was the subject of po inted 
observations as reported by lSchwering fe Israeli (119891 1. 

HV1366 (SMC IRS 36). This O-EAGB object has long been 
know n to be an oxygen-rich A GB star dCatchpole fe Feastl 
ll98lT) . with a period of 293 days (|Wopd__eLJiLlb9 8(j) ; i t is also 
known to vary in the infrared (IPolsdofer et al.ll2015l . Riebel 
et al. in prep.). Repeated searches do not show detectable 
enhanced Lithium ab undances due to hot bottom burning 
in 4-8 Mpi AGB stars dSmith fe Lambert] li 99(1 ISmith et al.l 
1199511 . ISloan et all (^Of^F report a revised period of 305 days 
based on MACHO data, and classify the Spitzer IRS spec¬ 
trum as l.N. The corresponding blackbody temperature was 
fou nd to be (2270 ± 560) K. OGLE variability data also ex¬ 
ist dSoszvhski et al.ll201 il l. iBover et al.l J2012ll estimate that 
HV 1366 has a dust mass loss rate of 10 -10 ' 1 M@ yr -1 . 

HV 11303 (SMC IRS 38). This object is recognized as a 
var iable oxygen - rich A GB star with a period of 534 days 
by I Wood et al.l (Il983l l. in agreement with our classifica¬ 
tion of O-EAGB. The star shows enhanced Lithium abun- 
dances due to hot bottom convective e nvelope burning 
(ISmith fe Lambertl 199d : ISmith et al.lll995l l. The red spectra 
are domi nated b y CN bands, showing signs of enhancements 
in 13 CN dBrettll 19~9ll l . which is further evidence for hot bot¬ 
tom burning processes. ISloan et al.l (l2008l l assign a spectral 
classification of l.N, and fit a blackbody of 2130 ± 240 K to 
the SED. 


HV 838 (SMC IRS 39). This object was initially thought 
to be a Red Supergian t , showing strong hydrogen emis¬ 
sion dLlovd Evand Il97ll : iHumphrevsl Il979ll. but later rec ¬ 
ognized to be a n oxy gen-rich AGB star ( Wood et al.lll983l l. 
lYang fc Jiand d20ld l consider HV 838 as an RSG candi¬ 
date, but notice that it is indeed an outlier with respect 
to the RSG populatio n. A period of 654 days was reported 
bv lLlovd Evana dl985l l. which was later revised t o 629 days 
based on the MACHO data dCioni et aid l2003l l , however 
ISloan et al.l d2008l l report a period of 622 days, based on 
the MACHO data. Riebel et al. (in prep.) also find it to 
vary in the infrared. HV 838 shows Li 1 6707-A absorption, 
a conseq uence of hot bottom convective envelope (HBCE) 
burning (jSmith_e^lj|l99^h. The IRS spectrum is classified 
as l.N by Sloan et al .i feOOSlh with a blackbody temperature 
of 2320 ± 320 K. IGarcfa-Hernandez et aid d2009l ') detect Zr 
and derive its abundance, and report an upper limit for the 
Rb abundance. 

HV 11366 (SMC IRS 41). This is an oxygen-rich AGB 
star with a peri od of 366 days (ICatchpole fe Feast! Il98ll : 

I Wood et all 198^ 1. in agreement with our classification of O- 
EAGB. Its spectrum shows strong Li 1 abs orption features at 
6707 A, indicative of hot bot t om burning (Smith fe Lambert] 
1 19891 . Il99d : IPlez et etll Il993l : ISmith et al.l 1995l h TiO bands 
are also visible in the red spectra, but there is no cle ar sign 
of CN , and the C/O ratio is estimated to be 0.4-0.8 dBrettl 
Il99lli . This member of NGC 292 has an effective tempera¬ 
ture of 3450 K, wi th log q = 0.00 cm s~ 2 and a metall i city o f 
[Fe/H] = —0.42 dSoubiran et al .1 [20 1 ()l ). [Moan et al.l d2008l ') 
classify the Spitzer IRS spectrum as l.N:Q:: , with a black¬ 
body temperature of 2230 ± 300 K. OGLE dSoszvhski et al.l 
I2011JI and MACHO dYang fe Jiangl l2012ll variability data 
are available. 
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OGLE SMC-LPV- 7488 (SMC IRS 44) is a Mira variable 
with a period of 434 days, and an amplitude of 1 .54 mag¬ 


nitude, derived from its OGLE ligthcurve (Soszvriski ct al 


2011). It is also variable in the infrared f Polsdofer et al 


20151 . Riebel et al. in prep.). It is kno wn to be an carbon - 


rich object from the optical spectrum (iLlovd Evand[l98(ill . 
consistent with our classification of C-AGB. 

HV 12149 (SMC IRS 45). In agreement with our re¬ 
sult, this object was recognized as an O-rich AGB 
star (IW ood et aU Il983l). with a p eriod of 742 days 
dPavne-Gaposchkin fe G aposchkinl 19661). This star is also 
an infrared variable dPolsdofer et all 20151 . Riebel et al. in 
prep.). Enhanced Lil absorptio n indicative of ho t bot¬ 
tom burning is not detected dSmith fe Lambert] 1 1990l : 
ISmith et al.l1l995h . however, very strong TiO bands are 
visible in the red spectrum dBrettl 119911 ). pointin g to a 
low C/O ratio. VO bands are also present ferettl 1199 ill . 
A search for OH maser e mission only yield e d an upper 
limit of 0.04 Jy at 1612 MHz dWood et al.ll 199^ 1 . ISloan etal.1 
(l200Sl) classify the Spitzer IRS spectrum as 2.SE8, and 
the dust mass loss rate ha s been e stimated to be 10~ 9 0 
M 0 vr~ 1 (lBov er et al . 1 1201 2l) . OGL E dSoszvnski et al.ll201ll ) 
and MACHO ( Yang fe Jiandl2012h variability data are avail¬ 
able. 

HV 11223 (SMC IRS 46) is known to be a semi-regular 
variable from its OGL E lightcurve, and is a l so known as 
OGLE SMC-LPV-1141 dSoszvnski et al.ll201ll) . ISmith et al.l 
dl995l) show that it is in fact an O-rich AGB star with Lil 
6707-A detection, with log e (Li) = 3.5. 

Dachs SMC 2-37 (SMC IRS /7). This object, also known 
as Massey S MC 59803, is known to be an M supergiant 
dHumphrevslll979l '). in agreement with our classification. Its 
spect ral type i s reported to be M0- 1 I dMassev fe Olsenl 
I2003I L although iLevesaue et al.l d2006l) believe it to be K2-3 
I. Modelling of optical spectra results in determinations of 
T e g = 4100 K, Ay = 0.93, log q = 0.0 ( model ) or —0.2 (ac¬ 
tual) and R — 900 Rq dLevesaue et al.l 2006t). The Spitze r 


IRS spectrum is classified as 2.SE4u ( Sloan et al . 2001), 
looking similar to the ISO-SWS sp ectra of RSGs in th e 
h and y Perseus supergiant c luster ( Syfyester_etaL lEaii), 
and a C class PAH spectrum dPeeters et al. 20021) . The pe¬ 
riod is derived from MACHO data and found to be 547 ± 
1 7 days, with a l ong secondary period of 2543 ± 38 days 
dYang fe Jiang 2012). This s ource is also variable in the in¬ 
frared dPolsdofer et al.ll2015l ). 

SMC-WR9 (SMC IRS 57) is a WN3ha Wolf-Rayet star 
with a possible spectroscopic binary orbi t of 37.6 days 
dMorgan et al.l 1 199 it IMassev fe Duffvi l200ll : IFoellmi et al.l 
I2003I L The star is modelled to be 94,000-168,000 L 0 and 
to have a wind velocity of 1616 km s -1 and a mas s-loss rate 
M of 1.4-3.5 x 1O" 6 M 0 vr~ 1 dNugis et al.ll2007l) . 
SMC-WR10 (SMC IRS 58), also known as 2MASS 
J00452890—7304458, is a single WN3ha Wolf-Ra yet star, ly¬ 
ing in nebulous knot el2 within NGC 249 dMasse v fe Duffvi 
l200ll : IFoellmi et al.l 120031 : ICrowther fe Hadfieldl 20061) . The 
star is modelled to be 120,000-240,000 L 0 and to have 
a wind veloc ity of 1731km s _1 and M = 2 — 5 x 

10~ 6 M 0 vr^ 1 dNugis et all 2007|). Its spect rum is noted for 
having strong nebulosity dMassev fe Piiffvdl200i1 ). 
SMC- WR12 (SMC I RS 60), also known as Massey SMC 
54730 dMassev 200211 , was identified as a WN3-4.5 Wolf- 
Rayet star by Massey et al. I l2003) . 


CSC 09141-05631 (SMC IRS 61), also known as SMC-WR 1, 
is a Wolf-Rayet star of spectral type WN3ha dBonanos et alj 

l2010h . 

SMC-WR2 (SMC IRS 64) is a single WN5ha Wolf-Rayet 
star with surrounding nebu l osity ( Azzopardi fe Brevsacherl 
Il980l : IMassev fe Duffvl|200ll : IFoellmi et al.1 20031 ). The star 
has an estimated lum inosity of 32 0,000 L 0 and M = 7 — 8 x 
10 -6 M 0 vr~ 1 dMartins et aLll2009l) . 

SMC-WR3 (SMC IRS 66) is a binary (WN3h+09:) 
Wolf-Rayet star with a spectr os copic period of 1 0 days 
d Azzopardi fe Brevsacherl Il980l : IMassev fe Duffvi l200ll : 
IFoellmi et al.l 120031) . It is thought to be a lower-mass, 
evolved, H- rich object evolved from a 4O-5O-M 0 star 
dMarchenko et aPl2004l ). This star appears to be interacting 
with the surrounding ISM, produ cing a kidney-shaped 
nebulosity dGvaramadze et al.l l2011). 

SMC-WR4 (SMC IRS 68) is a binary WN6h+ Wolf- 
Rayet star with a photome tri c period of 6. 5 5 days 
l| Azzopardi fc Brevsacherl Il980l : IMassev fe Duffvi l200ll : 
IFoellmi et al.l 20031 ). The system has an estimated luminos¬ 
ity of 800,000 L 0 and a comb ined effective temperature of 
~42 500K dMartins et al.ll2009l ). 

RMC 31 (SMC IRS 70), also known as SMC-WR6, 
is a 6.5-day binary (WN4:+06.5I:) Wolf-Rayet star 
showing X-ray emissio n and long-period var i ability 
d Azzopardi fc Brevsacherl Il980l : IMassev fe Duffvi l200ll : 
IFoellmi et al.ll2003L 

SMC-WR11 (SMC IRS 85), also known as 2MASS 
J00520738—7235385, is a single WN4h:a Wolf-Rayet 
star with apprecia ble reddening dMassev fe Duffvi 1200 ll : 
IFoellmi et al.l 120031 ). The star is modelled to be 210,000- 
390,000 L 0 and have a wi nd velocity of 1616 km s _1 and 
M = 2 - 5 x 10" 6 M 0 vr~ 1 dNugis et al.ll2007ri . 

2MASS J00461632— 7411135 (SMC IRS 94), also known as 
MSX SMC 0 14 , was classified as an R CrB candidate by 
iKraemer et al.l d2005l) , based on the IRS spectrum and near- 
IR variability. This c lassificatio n is supp orted by its 3-4=- 
um spectrum from Ivan Loon et alj d2008l h 
2MASS J00364631 — 7331351 (SMC IRS 95) is also known 
as MSX SMC 0 29. PAH features in the IRS spectrum of this 
source dKraemer et al.lf2006h a nd the spectral appear ance of 
the 3-4-/im wavelength range Ivan Loon et al.l 120081 ) point 
to a C-rich post-AGB star. 

2MASS J00455394-7323411 (S MC IRS 96) is also know n 
as MSX SMC 0 3 6. Spe ctra fr omlGro eneweg en et al.1 d2009d) , 
Ivan Loon et al.l d2008l ). and ISloan et al.l 1 20061 ') all reveal 
the presen ce of C 2 H 2 , demo nstrating that this a C-rich 
AGB star. ISloan et al.l |2006) also note Si C and MgS dust 
featu res in the IRS spectrum. OGLE-III (jSoszvhski et al.l 
measure a period of 553 days, and an /-band am- 
plitude of 2.01 mag. It is also variable in th e infrared 
dPolsdofer et al.ll2015f ). lGroenewegen et al.l 120091 ) find Al — 
3.6 x 1O _6 M 0 yr -1 . 

2MASS J00430590-7321406 (SMC IRS 97), also known 
as MSX SMC 0 54, is a C-rich AGB star, as demonstrated 
by spe ctra f rom Groeneweg gn et al.l d2009l) . Ivan Loon et al.l 
d2008l) . and lSloan et al.h 2_006j). which all confirm the pres¬ 
ence of C-dL. lsioa.i) et ah d200d ) also note SiC and MgS dust 


features in the IRS spectrum. iGroenewegen et al.1 d2009l) 
find M = 3.9 x 10 -6 M 0 yr -1 . I ts peri o d is n ot known, al¬ 
though it is an infrared variable (Polsdofcr ct al. 2015). 
IRAS F00483— 7347 (SMC IRS 98) is also known as S9 and 
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MSX SMC 055. IR s pectr a from lGroenewegen et al.l (120091 ) 
and Ivan Loon et al.l fl2008l ') indicate an M star, with spectral 
type M8 . Optical spectra show Zr O+hh O and TiO absorp¬ 
tion (tGroenewegen fe Blommaertl 1 1998h. Variab ility infor¬ 


mation (P = 1749 d, Ampi — 0,87 mag; Groenewege n et al.l 
l2009h , a Li-ov erabundance (|Castilho_et__aIT 1998tl . and Rb 
enhancement (iGarcfa-Hernandez et alf 2001 ) also point to 
an AGB star. Groenewegen et alj ( 2009i ) classify the star 
as a Mira, and a candidate super-AGB star (M = 5.3 x 
10~ 6 Mo yr -1 ). No maser emission has been detected 
(Ivan Loon et al.ll200ll : iMarshall et al.l 120041 1. We classify it 
as an RSG by virtue of its Mboi= —7.3 mag. It is also in the 
Riebel et al. (in prep.) list of infrared variables. 

IRAS F00443—7332 (SMC IRS 99), also known as S6 or 
MSX SMC 060 is known to be a carbon-rich AGB star . Spec - 
tra from Groeneweg en et al.l (120091 ). [van Loon et al.l (120081) . 
and ISlo an et al. ( 20061 ) all confirm the presence of C2H2. 
ISloan et al.l 1 2001 ) a lso note SiC and MgS du st features 
in the IRS spectrum. iGroenewegen et al.l (l2009l ) measure a 
period of 429 days, a A-band amplitude of 0.55 mag, and 
M = 8.9 x 10~ 6 Mp) y r -1 . It is also variable in the infrared 
i Polsdofer et al.l [20151 . Riebel et al. in prep.). ISloan et al.l 
(2006h note that its pulsation properties and photometry 
make it look similar to R CrB stars, but its spectrum does 
not support that classification. We classify it as an C-AGB 
star, consistent with the literature. 

2MASS J00485250— 7308568 (SMC IRS 100), also known 
as MSX SMC 066, wa s suggested to be a carbon star by 
iRaimondo et al.l (l2005l l based on its nea r-IR colours, consis¬ 
tent with our classification and that of ISloan et all (120061 1 
as a carbon-rich AGB star. Although listed as a Mira by 
ISoszvnski et al.l d201 if) . there is some question regarding its 
pr imary period, gi ven a s 519.5 days therein, but as 267 days 
by[G roenewegenl (l2004f) with a secondary period of 512 days. 
It is also in the Riebel et al. (in prep.) list of infrared vari¬ 
ables. 

2MASS J00592336- 7356010 (SMC IRS 101), also known 
as MSX SMC 093, was identified as a carbon-rich object 
bv ISloan et al.l (|2006i b who noted it has a p articularly weak 
SiC emission feature. ISoszvnski et all (2011) used the OGLE 
light curve and near-infrared photometry to classify it as a 
carbon-rich semi-regular variable with a primary period of 
457 days. We classify it here as C-AGB. 

2MASS J00450214- 7252243 (SMC IRS 102), also known 
as MSX SMC 105, was identified as a carbon star can¬ 
didate by iTsalmantza et a kl (|2006 ll by its 2MASS near-IR 
colours. Shortly thereafter, Sloan et al.l (l2006l l found that its 
IRS spectrum showed a moderately thick carbon-rich dust 
shell. OGL E data show that i t is a Mira with a per iod of 
■^670 days (lGroenewegenll2003 ; ISoszvnski et all 201 lib It is 


also a known infrared variable (IPolsdofer et al 


20151) . We 


classify it here as a C-AGB, consistent with the previous 
works. 

2MASS J00515018-7250496 (SMC IRS 103), also known 
as MSX SMC 1 25, w as identified as a carbon star by 
IRaimondo et al.l (l2005h based on its near-IR photome¬ 
try. MACHO and OGLE both find a primary period of 
~460days and ISoszvnski et al.l d201ll ) call it a carbon- 
rich Mira. Thi s source is als o known to vary in the in¬ 
frared (|Polsdofer_et_aL| j2015j 1 Riebel et al. in prep.). It 
was not in the Sloan et al.l (I2OO6I ) sample of SMC carbon 
star observations with the IRS due to contamination by 


Massey SMC 21202 in the IRS slit. The IRS spectrum of 
2MASS J00515018—725049 was recovered in the present re¬ 
processing and is classified as a C-AGB, consistent with the 
optical and near-IR data. 

2MASS J00542228-7243296 (SMC IRS 104), also known 
as MSX S MC 159, i s classified as a carbon-rich AGB star 
bv ISloan et alj 120061 ). based on its IRS spectrum, its period 
(560days) and its luminosity (7470 Lq). It is also known to 
vary i n the infrared (Riebel et al. in prep.). iKamath et al.l 
J2014I ) list this object as a candidate PN, but that is incon¬ 
sistent with its firm C-AGB classification. 


2MASS J00510074—7225185 (SMC IRS 105), also known 
as MSX SMC 1 63, is classified as a carbon-rich AGB star 
bv ISloan et alj (120061) . based on its IRS spectrum, its pe¬ 
riod (660days) and its luminosity (13 ,000 Lq). This source 
was also found to be infrared-variable (IPolsdofer et al . 2015I. 
Riebel et al. in prep.). 

IRAS 01039-7305 (SMC IRS 106), also known as 2MASS 
J01053027—7249536 and MSX SMC 180, was first de- 
tected with IRAS as an infrared source towards the SMC 
dSchwering fe Israeli Il989l ). It was ide n tified as being part 
of an OB association by iBattineilil (Il99ll ). and classi- 
fied as a YSO candi date based its near-IR spectroscopy 
(Ivan Loon et al .2001). Thi s classificati o n wa s confirmed us¬ 
ing Spitzer spectroscopy Joiiveira et al.|[2013l ). Here we clas¬ 
sify it as YSO-2. 

2MASS J00571098-7230599 (SMC IRS 107), also known 
as MSX SMC 1 98, i s classified as a carbon-rich AGB star 
bv ISloan et alj 120061 ). based on its IRS spectrum, its period 
(500days) and it luminosity ( 7810 Lq). This source is also 
known to vary in the infrared (IPolsdofer et al.ll2015l . Riebel 
et al. in prep.). 

2MASS J00465078— 71)7393 (SMC IRS 108), also known 
as MSX SMC 2 00, is classified as a carbon-rich AGB star 
by ISloan et al.l (120061 ) , based on its IRS spectrum and its 
luminosity (9130 Lq). 

2MASS J01060330- 7222322 (SMC IRS 109), also known 
as MSX SMC 232, i s classified as a carbon-rich AGB star 
bv ISloan et alj (120061 ). based on its IRS spectrum, its period 
(460days ) and its luminosity (7280 Lq). It is an infrared 
variable (IPolsdofer et al.ll2015l . Riebel et al. in prep.). 


HV1375 (SMC IR S 110) is also known as MSX SMC 024. IR 
spect ra (this work. lGroenewegen et all 2009yvai24A)on_^t_al 
200i|) identify it as an M type AGB star. IGroenewegen et al 
(|2009f ) find a spectral type of M5, a period of 418 days, an I- 
band amplitude of 0.11 mag, and M = 6.3 x 10~ 7 Mq yr -1 . 
ISmith et al.l Il995l) detect a strong Li overabundance. 

HV 11262 (SMC IRS 111), which is also known as MSX 
SMC 067, is a red supergia nt with an o p tical spectral 
type of late K or early M dMassevI 120021 : iMassev et al.l 


20091), an d was first noted as a possible variable by 


Pavne-Gaposchkin fc Gaposchkin l (1 19661) . This sourc e is also 


known to vary in the infrared (Polsdofer et al . 201fJ, Riebel 
et al. in prep.). Its IRS spectrum is dominated by photo- 
spheric emission, and the fine structure lines longward of 
15 pm are probably contamination from a nearby source or 
the extended emission seen in the neighborhood. 


IRAS 00469—7341 (SMC IR S 112), also known as MSX 
SMC 079, was identified bv iBolatto et al] (I2007T) as a can¬ 
didate YSO based on its IRAC and MIPS photometry. Van 
Loon et al. (|2008l ) detected H2O absorption as well as Pf7 
and Bra emission in a 3-4-/mi spectrum, and noted it is lo- 


© 0000 RAS, MNRAS 000, 000-000 
















































































































































































Spitzer-//?# point source classification in the SMC 27 


cated near the young cluster Bruck 48. l01iveira et ah I (EH) 
analyzed its IRS spectrum as part of an IRS study of SMC 
YSOs and classified it with a group of early, embedded YSOs 
with strong ice and silicate absorption, weak PAHs, and no 
fin e-structure li nes. It is known to be an infrared variable 
llPolsdofer et al.ll2015h . 

RAW 631 (SMC IRS 113), also known as MSX SMC 134, 
wa s classifie d as a carb on star from its optical spectrum 
bv lRebeirot et a l. (1993). It also shows abs orption features 
from C 2 H 2 and HCN in the 3-4-/rm region dvan Loon et al.l 
l2008h . although its spectrum is somew hat atyp ical of the 
other carbon stars in that sample. iKamath et al.l (l2014h 
also list it as a carbon star. In contrast, the IRS spectrum 
shows strong features from crystalline silicates at ~19, 23, 
27, and 33 /i m, whi ch are more typical of oxygen-rich objects. 
Ijones et al. ] (1201214 analyse this dual chemistry source in 
their sample of O-rich evolved stars, and suggest the strong 
crystalline silicate features are indicative of dust process- 
ing in a circumstellar disk, possibly aroun d a binary system 
dBarnbaum et aklll99ll : lLlovd EvansHl99ll f. In this work, we 
classify it as O-AGB, because of the dominance of oxygen- 
rich features in the Spitzer spectrum. 

2MASS J00571814- 7242352 (SMC IRS 114), also known 
as MS X SMC 155, was c lassified as a R CrB candidate 
by iTisserand et al.l d2004h . based on its EROS 2 opti- 
cal lightcurve. From Spitzer spectroscopy, iKraemer et al.l 
(1200511 confirmed that it is carbon-rich, with an almost 
featureless mid-infrared spectrum, characte ristic of R C rB 
stars . It is known to vary in the infrared (IPolsdofer et alj 

Uni). 

HV 11417 (SMC IRS 11 5) wa s classified as an SMC M su¬ 
pergiant by [Elias et al.l (jl980l l. based on photometric and 
spectroscopic observations. It was the first extragalactic red 
supergia nt ever identified. Th is source is also an infrared 
variable (IPolsdofer et al.ll2015l . Riebel et al. in prep.). 

HV 12122 (SMC IRS 116) is an M-type AGB star (Spectral 
Type: M5) with a period of 544 days and a n /-band ampli¬ 
tude of 1.43 mag iGroenewegen et al.l 120090 . They measure 
a low value for M of 2.7 x 10~ 8 Mq yr -1 . The source is also 


known to vary i n the infrared I Polsdofer et al.l|2015l . Riebel 
et al. in prep.). ISmith et al.l dl995l l detect a Li overabun¬ 
dance in the optical spectrum, indicating HBB. They also 
detect TiO & ZrO, in the optical spectrum. 

PMMR 34 (SMC IRS 117), which is also known as MSX 
SMC 096, is a red supergiant fe.g. IPrevot et aTI 1 19831 : 
lElias et al. l l 19851 : M asse vl l2002l f. lYang fe Jiand (j2012h found 
it to be a semi-regular pulsator wit h a period of 381-388 days 
using data from the AS AS project dPoimanskill2002l f. Its IRS 
spectrum shows weak silicate emission as well as PAH fea¬ 
tures. There is no apparent extended emission in the region, 
so the PAHs must be local to the source. 

SkKM 71 (SMC IRS 118), also known as MSX SMC 109, is 
one of the many red superg iants discovered b y Sanduleak 
in the Magellanic C louds dHumphrevsl 197f|_ Ehasetahl 
19851: Sanduleakll 19891 ). Using ASAS data 1 Poimanskill2002li . 


Yang fc Jiangl ( 20121 1 found it to be a ‘long secondary pe¬ 
riod’ variable with a period of ~565 days. Its IRS spectrum 
shows 9 and 18-/im silicate emission features as well as a 
PAH feature at 11.3 /im. As with PMMR 34, there is no ob¬ 
vious extended emission to contaminate the IRS slit so we 
conclude that the PAHs are local to the RSG. 


HV 2084 (SM C I RS 119) is a known red superg iant (e.g. 
IPrevot et al.l ll 98(1 : lElias et ahlll985l : Im asse vl l2002n . 

HV 1652 (SMC IRS 120) was observed during an objective- 
pr ism survey of the Small Magellanic Cloud by lPrevot et alj 
(Tl983l) . It was identified as a M0-1 supergiant. 

2MASS J00463159-7328464 (SMC IRS 121), also known 
as MSX SMC 018, is shown to be a Mira with P = 
897 days and Al = 2.47 mag based on its OGLE-III light 
curve dSoszvnski et al. 20 111). It is also an infrared vari¬ 
able dPolsdofer et al.ll2015l ). IGroenewegen et al.l ( 20091 1 clas¬ 
sify it as M-ty pe (SpT = M7 ) and measure M = 8.1 x 
10 -6 Mq yr -1 . Ivan Loon et aid d2008h also classify the star 
as M-type via 3-4-/tm spectra, consistent with our classifi¬ 
cation as O-AGB. 

2MASS J00470552— 7321330 (S MC IRS 122) is also know n 
as MSX SMC 033. Spectra from IGroenewegen et al.1 d2009h . 
Ivan Loon et al.l d2008ll . and ISloan et aid d2006h all demon¬ 
strate the carbon-rich AGB nat ure of thi s ob ject with 
the presence of C 2 H 2 features. ISloan et al.l d2006ll also 
note a SiC dust featu re in the IRS spectrum. OGLE-III 
dSoszvnski et al.l 1201 il l measure a period of 535 days, and 
an /-band amplitude of 1.93 mag. IGroenewegen et aid d2009h 
find that M = 3.7 x 10~ 6 Mq yr -1 . It is also variable in the 
infrared (Riebel et al. in prep.). We classify this source as 
C-AGB, consistent with previous studies. 

2MASS J00433957-7314576 (SMC IRS 123), also known 
as MSX SMC 044, is a C-rich AGB star. Spectr a 
from Groenewegen et ahl d2009l l , Ivan Loon et al.l (|200Sl l. 
and ISlo an et al. ( 2006l l all confirm the presence of C 2 H 2 . 
ISloan et al. 1 2006l l als o note an SiC dust fea ture in the IRS 
spectrum. OGLE-III dSoszvnski et al.l 1201 ill measure a pe¬ 
riod of 440 days, and an /-band amplitude of 1.39 m ag. Th is 
sourc e is also known to vary in the infrared dP olsdofe r et al.l 
12015 . Riebel et al. in prep .). IGroenewegen et al. ( 20091 1 find 


M = 3.1 x 10 b Mq yr x . We classify this source as C-AGB, 
consistent with previous studies. 

2MASS J00424090- 7257057 (SMC IRS 124), also known 
as MSX SMC 062, is a C-rich AGB star. Spectra from 
IGroenewegen et all d2009l ') and ISloan et al.1 d2006l) con¬ 
firm the presence of C 2 H 2 . ISloan et al. ( 2006f) also notes 
an SiC dust feature in the IRS spectrum. OGLE-III 
dSoszvnski et al.l 1201 ll) measure a peri od of 550 days, and 
an /-b and amplitude of 1.78 mag (Mira). IGroenewegen et ahl 
(2009) measure that M = 1.8 x 10 -6 Mq yr -1 . We classify 
this source as C-AGB, consistent with these earlier studies. 
2MASS J00365671— 7225175 (SMC IRS 125), also known 
as MSX SM C 09 1 , is an AGB star with a thick carbon-rich 
dust shell dSloan et al.ll2006i) . They noted it has a partic¬ 
ularly strong SiC emission feature for an SMC source but 
no 26-30-/tm feature. It has a very limited presence in op¬ 
tical catalogues, with no detections blueward of R band , 
where it has a magnitu de of ~18.2 or 18.5 dLasker et al.l 
120081 : iMonet et ai1l2003l . respectively). 

2MASS J00514047— 7257289 (SMC IRS 126), also known 
as MSX SMC 142, w a s iden tified as a carbon star candidate 
by iRaimondo et al.l d2005fl from its near- IR photometry. 
The OGLE light curve shows it is a Mira ([S oszynski _et_al] 
201 lh with _a_ period of ~295 days dGroenewegenl [20041 : 


Soszynski c t al. 2011 1. It is also variable in the infrared 
dPolsdofer et al.l 2015 , Riebel et al. in prep.). It is the weak¬ 
est source in the lSloan et al.l d2006ll sample but clearly has 
a carbon-rich dust spectrum in the IRS. 
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2MASS 30052)017—72)7276 (SMC IRS 127), also known 
as MSX SMC 1 62, i s classified as a carbon-rich AGB star 
bv ISloan et al.l (l2006h . based on its IRS spectrum, its period 
(520 days) and its lum inosity (11480 Lq). It is also known to 
vary in the infrared (IPolsdofer et al.ll2015l . Riebel et al. in 
prep.). 

2MASS 300531013-72115)7 (SMC IRS 128), also known 
as MSX SMC 202, i s classified as a carbon-rich AGB star 
bv lSloan et alj d2006h . based on its IRS spectrum and its lu- 
minosity (11460 Lq). This source is also an infrared variable 
(IPolsdofer et al.ll2015lb 

2MASS J00561639— 7216)13 (SMC IRS 129), also known 
as MSX SMC 209, is classihed as a carbon-rich AGB star 
bv lSloan et al.l (l2006h . based on its IRS spectrum, its period 
(520days) and i ts lum inosity (16330 Lq). It is also in the 
1 Polsdofer et al.l d2015li and Riebel et al. (in prep.) lists of 
infrared variables. 

2MASS J0108011)— 7253173 (SMC IRS 131), also NGC 419 
LE 16, is a semi-regular vari able locate d near t he cluster 
NGC 419. It was discovered bv lLlovd Evansl d 19781 4 and clas¬ 
sified as a carbon star based on colour s. The classification i s 
confirmed from Spitzer spectroscopy dLagadec et alJl2007f). 
The cluster is approximately 2 Gyr old ( Kamath et al.l 
2010). The star shows several periods including a long 
seco ndary one; t he likely fundamental period is 416 days 
(Sosz^nski_^_aL| (2011). It is also variable in the infrared 


(Polsdofer et al.ll201 
2MASS 101082)95- 7252569 (SMC IRS 13)), also RAW 
1553 and NGC 417 LE 18, is a well-studied carbo n star in 
the cluster NGC 419. It was first discovered by Llovd Evan: 


1978) and spectroscopically ob served by Rcbcirot et al- 
1993). The semiregular variable fSoszynski et al. 201 lj) has 


a dominant period of 181 days (iKamath et al.|[2Q10l h 
2MASS J01082067— 7252519 (SMC IR S 135 ), also NGC 
419 LE 27, was discovered by I Llovd Evansl ((l978l l. The 
semiregular vari able has a dominant period of 311 day 
(ISoszvnski et al.l 1201 ll i. It shows the characteristic carbo n 
star bands in the Spitzer SL spectrum dLagadec et al.lf2007h . 
2MASS J00353726- 7309561 (SMC I RS 136) was discov - 
ered as a variable by Glen Moore (see lLagadec et aPl2007l l 
using UK schinidt plates. It is classihed as a ca rbon star on 
the basi s of bo th col ours dRaimondo et al.ll2005l l and Spitzer 
spectra ((Lagadec et al.ll2007l l. AC/O ratio close to unity is 
indicat ed by t h e pec uliar 11-fim feature, lack of C 2 H 2 fea¬ 
tures (Lagadec et al. 2007), and high resolution spectra of 

lAbiaerfim . — 

PMM R 52 (SMC IRS 13 7), is a well-studied SMC 
RSG. iMassev fe Olsenl d2003l ') find Mboi= —8.8 mag, v la , d = 
159.1km s , and a spectral type of K5-7 I. The star 
shows low-amplitude variability with a peri od of 483 days 
( [Yang fe Jiangl [2012ll and has silicat e dust dLagadec et al.l 
l2007lh It is also an infrared variable dPolsdofer et al.1 2015lh 
Note that the star should not be be co nfused with the 
nearby carbon Mira J005304.7—730409 dvan Loon et al.l 
l2008h which was the original but missed target of the Spitzer 
spectroscopy. 

2MASS 3005)5 )10-7303181 (SMC I RS 139) is a 541-day 
Mira variable fS oszynski et al.l 1201 ill , classified as a car- 
bon star on the basis of optical and Spitz er spectroscopy 
dRebeirot et al.l 1 19931 : lLagadec et al.1 l2007l h The 13.7-/im 
C 2 H 2 absorption features are absent. It is also in the 


IPolsdofer et al.l (l2015li and Riebel et al. (in prep.) lists of 
infrared variables. 

2MASS .1005)5075- 7306073 (S MC IRS 1)0) is classif ied as 
a Mira with a period of 430 d ays dSo szynski et alfeOllT). and 
it is also an infrared variable dPolsdofer et al.ll2015l ~ Riebel et 
al. in pre p.). It is classihed as a carbon star based on pho- 
tometry (LR aiinond o et al.l l2005h and Spitzer spectroscopy 
dLagadec et al.ll2007lh 

2MASS 301015)58-7258223 (SMC IRS 1)2) is identified as 
a carbon s tar based on the abs o rption bands in the Sp itzer 
spectrum (Lag adec et al.ll2007lh ISoszvnski et al.1 d201lll re¬ 
port a period o f 339 days. The sourc e is also known to vary 
in the infrared dPolsdofer et al.ll2015l . Riebel et al. in prep.). 
LEGC 105 (SMC IRS 1)3) is located near a small clus¬ 
ter^ Bruck 80. The age of the cluster is 5 x 10 8 yr 
dChiosi et a l. 2006). The star was d iscovered as a 310-day 
varia ble b vlLlovd Evans et al.l dl988l l (#105 in their paper). 
IPolsdofer et al.l ( 2015h and Riebel et al. (in prep.) also find 
it to be an infrared variable. The Spitzer spectrum classi- 
fies it as a carbon st ar but there is little or no dust excess 
dLagadec et al.|[2007lh 


Mira variable CSoszvhski et al. 2011 

). It is also known to 

vary in the infrared ( 

Polsdofer et al 

2015), Riebel et al. in 

prep.). Lagadec et al. 

2007h find the typical carbon-star 


classify it as a carbon star based on infrared colours. 
2MASS 300555)6)-7311362 ( SMC IRS 1)5) also RAW 
960, is a 315-day Mira variable dSoszvnski et al ll201ll h clas¬ 
sified as a carb o n star based on optical photometry and spec- 
troscopy dRebeirot et al .lll 9931 ). using the 516 nm C 2 band. 
lLagadec et al.1 ( 2007 1 find little evidence for cool dust but 
strong molecular absorptio n bands of C 2 H 2 . T his source is 
also an infrared variable dPolsdofer et al.l 120151 . Riebel et 
al. in prep.). 

IRAS 0055)—7 3 51 (S MC IRS 1)6) was identified by 
IWhitelock et al.l dl989ll as a very long per iod variable near 
the tip of the AGB. ISoszvnski et al.l fl201 lli r eport a period 
of 610 days. The Spitzer spectra (this work: lLagadec et alj 
l2007ll show the typical carbon-star features. 

NGC )19 IR 2 (SMC IRS 1)7) is lo cated in a crowded region 
of NGC 419. ITanabe et al.l dl997l l first discovered the self- 
obscured infrared source and the high mass-loss rate was 
confirmed bvlvan Loon et al.l d2005l l. The period is 381 days 
dKamath et al.ll2010l l. It is also in the lPolsdofer et all d2015li 
of infrared variables. We classify it as C-AGB. 

NGC )19 IR 1 (SMC IRS 1)8), also kno wn as 2 MASS 
J01081296—7252439, is a la rge-amplitude ( Kama th et al.l 
l2010h . 461- day Mira vari a ble dSoszvriski et al. 1201 lh first re- 
ported by ITanabe et al.1 dl997lh It is classif ied as carbon- 
rich b ased on the Spitzer spectra (this work; lLagadec et al.l 
l2007lh and is also known to vary in the infrared 
(IPolsdofer et al.ll2015lb 

AzV )0) (SM C IRS 1)9) is a B2.5 yellow supergiant 
(lLennonlll997lb It has been modelled to have a luminosity 
of 174,000 Lq and light reddening of E(B — V) — 0.05 mag 
( jPufton et al.ll20'ooh . We have classihed it as STAR, due to 
the absence of emission features in the IR. 

LHA 115-N38 (SMC IRS 153), also know n as SMP SMC 13 
is a ro und PN with a radius of 0.19 arcsec (IStanghellini et ahl 
l2003alh The dust features point to a carbon-rich chemistry, 
and the object shows intermediate excitation lines. The tem- 
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peratu re of the dust continuu m is derived to be T CO nt = 
190 K dStanghellini et ah 20071). The abun dance of carbon 
is slightly elevated ( Stanghellini et a T1l20f)fj| ) . and LHA 115- 
N 38 is known to contain fullerenes ( Garcfa-Hernandez et al.l 

B)- 

LHA 115-N 40 (SMC IRS 154), also known as SMP SMC 
14, is a round PN w ith a radius of 0.42 arcsec, showing some 
internal structure ([stanghell ini et aDl2003afl . The Spitzer 
spectrum reveals carbon-rich dust features and high exci¬ 
tation lines , and a dust temperatu re of T cont = 150 K can 
be derived dStanghellini et al]|2007l ). 

LHA 115-N 43 (SMC IRS 155), which is also known as 
SMP SMC 15, is a round PN with a radius of 0.17arcsec 
dStanghellini et ahl 1200381 ) . The Spitzer spectrum shows 
carbon-rich dust features, intermediate excitation lines, a 
dust continuum with Tcont = 190 K, and PAH-related emis¬ 
sion features at 15-21 /im. The SiC feature is unusually 
broad, a nd the spectrum is simil ar to that of SMP SMC 18 
and 20 dStanghellini et all 20071). LHA 115-N 43 is known 
to contain fullerenes ( Garcfa-Hernandez et al.ll201ll ). 

LHA 115-N 4% (SMC IRS 156), also known as SMP 
SMC 16, is an elliptical PN with a radius of 0.18 arcsec 
dStanghellini et ahll2003al ) . The IRS spectrum shows carbon- 
rich dust, and low excitation lines, whi le a dust temper ¬ 
ature of Tcont = 180 K can be derived dStanghellini et ahl 
l2007i). The o bj ect is known to contain fullerenes 


( Garcfa-Hernandez et al.l l2011). All of this is consistent with 
our classification as C-PN. 

LHA 115-N 44 (SMC IRS 157) is also known as SMP SMC 

17. It is an elliptical PN with a radius of 0.25 arcsec, with a 
faint detached halo (Stanghell ini et al .Il2003al i. The carbon- 
rich nature is revealed by its IRS spectrum, due to the 
presence of carbon-rich dust. Intermediate excitation lines 
are present and the du st temperature is T CO nt = 160 K 
dStanghellini et ahll2007l ). 

LHA 115-N 47 (SMC IRS 158), also known as SMP SMC 

18, is an unresolved PN dStanghellini et all 120033 ). It is 
carbon-rich in nature, and shows intermediate excitation 
lines. The dust temperat ure is derived to be T cont = 170 K 
dStanghellini et ah 2007|) . The N and O abundances are 
slightly low dShaw et all 2OJ0j j, and it contains fullerenes 
dCarcfa-Hernandez et al.ll201ll ). 

Lin 239 (SMC IRS 159), also known as Jacoby SMC 20 and 
SMP SMC 19 is a round PN with a radius of 0.30 arcsec, 
showing some outer structure dStanghellini et aill2003al ). It 
is carbon-rich in nature and shows very high excitation lines. 
The dust temperature is measured to be T con t = 150 K 
dStanghellini et ahll2007l ). 

LHA 115-N 54 (SMC IRS 160), also known as SMP SMC 
20, is an unresolved PN dStanghellini et ahl 120033 ). with 
a carbon-rich nebula sho wing intermediate excitation lines 
dStanghellini et all [2007). These last authors have also de¬ 
rived the dust temperature to be T con t = 250 K, which is 
very high, and suggest that it is one of the least evolved 
PNe of their sample. LHA 115-N 54 shows somewha t low 
N, O, Ne, S, and Ar abun dances Jsha w et al.l 201C ), an d 
may also contain fullerenes dCarcfa-Hernandez et al.l 201ll) , 
although ISloan et aid d2014l ) could not confirm this claim. 
Lin 343 (SMC IRS 161), also known as SMP SMC 23 
or Jacoby SM C 26, is a bipolar core PN with a radius 
of 0.30 arcsec dStanghellini et ahll2003al ). The IR spectrum 
shows intermediate excitation lines, and a dust continuum 


with a temperature of T con t = 150 K dStanghellini et ahl 
120071) . 

Lin 357 (SMC IRS 162), also known as S MP SMC 25, is an 
elliptic al PN with a radius of 0.19 arcsec dStanghellini et ahl 
|2003aj). The IRS spectrum reveals an O-rich chemistry and 
shows very high excitation lines, on top o f a dust continuum 
of T COI1 t = 130 K dStanghe llini et a hll2007l). The ob ject shows 
a low carbon abundance (Stanghe llini et al. 20091). The pro - 
genitor was probably a high-mass star ( Villaver et al.ll2004l ). 
causing HBB. 

Lin 430 (SMC IRS 163), also known as SMP SMC 26, 
is a point-symmetric P N with a radius of 0.28 arcsec 
dStanghellini et ahl I2003al ). Very high excitation lines are 
presen t in the IR, on top of a dust continuum of T con t = 
130 K dStanghellini et ahll2007l) . We classify it as C-PN. 
LHA 115-N 87 (SMC IRS 164), also known as SMP SMC 
27, is a round PN with a radius of 0.23 ar csec, and an at¬ 
tached outer halo dStanghellini et ahll2003al ). The IRS spec¬ 
trum shows carbon-rich dust features and intermediate ex- 
citation lines, on top of a dust continuum of T con t = 180 K 
dStanghe llini et aL||2007l ). Fullerenes may also be present in 
this source ( Garcfa-H ernandez et al. ll201ll) . although this is 
not confirmed bv Isloan et ahp2014 ). 

LHA 115-N2 (SMC IRS 165), also known as SMP SMC 
2 or Lin 14, is a roun d PN with radius of 0.25 arcsec 
dStanghellini et ah]|2003al ) . The IRS spectrum shows carbon- 
rich dust and very high excitation lines on a dust continuum 
of T con t = 160 K dStanghellini et ahll2007l ). 

LHA 115-N 5 (SMC IRS 166), or SMP S MC 5 or Line 32, is 
a roun d PN with a radius of 0.31 arcsec dStanghellini et ahl 
l2003al ). The IRS spectrum shows carbon-rich dust and very 
high excitation lines, on a dust continuum of T con t = 180 K 
dStanghellini et ~aj1l2007l ) . 

LHA 115-N 7 (SMC IRS 167), also SMP SMC 8 or Lin 43, is 
a roun d PN with a radius of 0.23 arcsec dStanghellini et ahl 
l2003al ). In the infrared, intermediate exc itation lines sit on 
a fea tureless continuum of T con t = 160 K dStanghellini et ahl 
120071) . 

BFM 1 (SMC IRS 170). The presence of the LaO 
band at 0.79 gm i ndicates that BFM 1 is an S star 
dBlanco et al.l 1 1981 It is kn own to show Ha emis¬ 
sion ( Mevssonnier fe Azzopardil 1 19931 ). and its MACHO 
lightcurve is used to derive a period of 3 94-400 days 
dRaimondo et aid 120051 : Ivan Loon et al.l l2008l: Sloan_e£_al 


2008). OGLE variability data also exist dSoszvnski et al 


20111 ). It is also an infrared variable (Riebel et al. in prep.). 


B FM 1 is observed twice with Spitzer IRS (2.ST, 2.NO; 
ISloan et al.l 120081 ) and the spectrum shows ZrO and LaO 
bands, and a dust emissio n feature at 13-1 4 gm, which 
has been attributed to SiS dSloan et al.ll20lH ). The fitted 
blackbody temper ature is 1460 ± 110 K or 1160 ± 10 K 
dSloan et alj 120081 ). We have classified this as OTHER - S 
Star. 

HV 1963 (SMC IRS 171) is a known LPV, with a spectral 
type consistent with an AGB star and a per iod of 330 days 
dCatchpole fe Feastlll98ll : I Wood et al.l 1 198 j) . in agreement 
with our O-EAGB classihcation. I t is also known to vary in 
the infrared dPolsdofer et al.ll2015l ). HV 1963 appears to be 
enhanced in Lithium and s process elements, while other¬ 


wise having low metallicity dSmith fe Lambert) 1 19891 ). The 
high Lithium abundance, indicative of h ot bottom b urning 
in 4-8-Mq AGB stars, is confirmed by ISmith fe Lambert] 
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Jl990h , IPlez et all (Il993l 'l and ISmith et al.l (1 1 9951 ) . The red 
spectrum shows moderately strong TiO and weak CN and 
ZrO bands, pointing t owards carb on dredge up, and possi¬ 
bly envelope burning dBrettlll99ll ). These authors also esti¬ 
mate that C/O ratio is around 0.4-0.8. The spectral type of 
HV 1963 is established to be M4.5s.. ., with T e ff = 3 350 K, 
log g = —0.27 and [Fe/H] = —0.43 dSoubiran et i _al. 2010|h 
HV 19 63 was observed twice with Svitzer IRS. Isioan et al .1 
d2008ll report a spectral classification of l.N:0(:) and fit a 
blackbody temperature of 2160 ± 120 K or 1990 ± 50 K. A 
revised period of 249 days is derived from the OGLE data 
dSloan et al.l 120081') . The dust mas s loss rate is found to be 
10 _9 - 8 Mq vr~ 1 ( Bover et al.ll2012h . 

HV 11329 (SMC IRS 172) is reporte d to be a variable O-rich 
AGB star dCatchpole fe Feastlll98ll : IWood et al.lll983h . with 
a period o f 390 days, in agreem ent with our classification of 
O-EAGB. iLlovd Evansl dl985ll revised the puls ational pe¬ 
riod to 380 days. It is also in the lPolsdofer et aD d2015l ) and 
Riebel et al. (in prep.) lists of infrared variables. Strong Lil 
absor ption at 6707 and 8126 A indicates hot bottom burn¬ 
ing dSmith fe Lambertl Il99d : IPlez et ail Il993l : ISmith et al.l 
1 19950 . The effective temperature of this member of NGC 292 
is found to be T e fj = 3600 K, w i th log q = — 0.05 and [Fe/H] 
= —0.37 dSoubiran et al.ll201Ch . [Sloan et al.l d2008lf assign a 
spectral classification of l.NO, and fit a blackbody of 1600 
± 80 K. The MACHO data indicate a period of 377 days 
dSloan et al .1120081 : I Yang fe Jiandl2012l'l and OGLE variabil¬ 
ity data also exist for this source fSoszvriski et al.lfeoi il l. 
2MASS J00U5256-7318258 (SMC IRS 175). Variability 
data are available for this object in the OGLE and MACHO 
surveys, and a period of 158 days has be en derived from 
the O GLE data rtGroenewegenll2004fl . while iRaimondo et al.l 
(2005) arrive at a period of 129 days using the MACHO data. 
We classify this object as an O-AGB star. The infrared spec¬ 
trum is dominated by crystalline silicate features at ~19, 
23, 28, and 33 pm originating from the circumstellar dust 
shell, and we classify this object as an O-AGB star, despite 
the presence of the 7.5 and 13.7 pm absorption bands due 
to C 2 H 2 , pointing towards a carbon-rich central star. Like 
RAW 631, this object shows a dual chemistry (see also Krae- 
mer et al. in prep.). 

PMMR 24 (SMC IRS 176), also known a s Massey SMC 
11939 , is known t o be a RSG (e.g. iBonanos et al.l 
l20ld ; lYang fe Jiand l2012fl . S everal (inconsi s tent) radial 
velocity measurement s exist dMaurice et al.l Il987l . 1 19891 : 
iMassev fe Olsen! l2003l l , and the period of 3 52 days is de¬ 
termined using MACHO data dCioni et al.l 120031 ). Atmo¬ 
spheric modeling of the optical spectra yield s Teff = 4025 K, 
Ay = 1.05, log g = 0.0, and R = 750 Rq. IPolsdofer et alJ 
ll2015ll found it to be variable in the infrared. 

BMB-B 75 (SMC IRS 177) is a dust enshrouded O- 
rich AGB star of spectral type M6.0 dBlanco et al.lfl980lh 
showing long period variability in both the MACHO 
dRaimondo et al.l 2005li an d OGLE surveys llGroenewegenl 
[2004|^ Soszvnski et_aj j 201 il l . It is also variable in the infrared 
( Polsdofer et al.ll2015l . Riebel et al. in prep.). SiO abso rption 
is seen in the NIR spectroscopy (Ivan Loon et al.ll2008l h This 
object has also been observed with Spitzer' s MIPS-SED, and 
the data show a rising continuu m, indicative of cold d ust (42 
± 2I<), and no emission lines (Ivan Loon et al.ll2010|j . 

IRAS F01066- 7332 (SMC IRS 178) is a dust en¬ 
shrouded oxygen-rich AGB star of spectral type M8 


dGroenewegen fe BlommaeriJ 119981 : Ivan Loon et al.l l2008l h 
in agreement with our classification of O-AGB. SED 
fitting with a dusty circumstellar shell indicates that 
its luminosity is 2 5,000 L(T), and the mass loss rate is 
5.0 x 10 -7 Mq vr -1 dGroenewegen et al.ll20()d ). A search for 
SiO using NIR spec troscopy does not yield any results 


dvan Loon et al. 2008|). The source is also known as a long 
period variable 1 Soszvns ki et al.||201ll), and is also known to 
vary in the infrared dPolsdofer et al.ll2015T ). 

RMC 50 (SMC IRS 193), also known as LHA 115-S 65, 
SMC V2364, and IRAS 01432—7455, is a B[e] supergiant, 
classified between B2 and B9, with T e ff = 17,000 K and 


Li — DUU, UUU Lj 

1986): Zickgrai 

Idoo 

raeoere 6£ iviaurice] zacKgrai et ai.i 

: Cidale et al. 200ll: Kraus et al. 201(1 

Bonanos et al. 

201C 

j). Although the star is only slightly 


variable, the circumstellar environment appears very dy- 
namic, with 2.2-pm CO emission appearing during 2011 
dOksala et al.ll2012| f. 

NGC 362 SAW V16 (SMC IRS 195) is not located in the 
SMC, but rather a foreground object. It is a long-period vari - 
able (V16 designation from Hogg; see lLlovd Evansl 1 1983bl l 
in the Galactic glo bular cluster NGC 362 ([Fe/H] = —1.33; 
IShetrone fe Kea nel 20001) , h ence a low-mass AGB star or a 
tip-RGB star. lLlovd Evansl dl983bl l detected significant vari¬ 
ations in the strength of the TiO bands during the pulsa¬ 
tion cycle equivalent to spectral type variations K4-M4. He 
also detecte d hydrogen emission, pr e suma bly due to pulsa¬ 
tion shocks; iMcDonald fe van Loonl (|2007l ') showed the H a 
to be in self-a bsorption in an Eche lle spectrum, at a spec¬ 
tral type K5.5. ILlovd Eva ns (1983a ) det ermined a period of 
135 days (138 days in ISloan et al. 20ld 'l and an amplitude 
AV = 2.3 mag (similar to that of Mira variables), and con¬ 
firmed cluster memb ership on the basis of radi al velocity 
measurements (cf. IMcDonald fe vain boon! 2007';' . It is also 
known to be an infrared variable ( Polsdofer et al.ll2015l f . We 
note that it should be an O-EAGB, but rather classify it is 
as OTHER, since it is a foreground object. 

HV 206 (SMC IRS 196) is a foreground star, rather than 
an SMC object. It is a long-period variable dSawveidll93ll f 
in the Galactic glo bular cluster NGC 362 ([Fe/H] = —1.33; 
IShetrone fe Ke ane 2000) , hence a lo w -mass AGB s t ar or a 
tip-RGB star (cf. iFrogel et al.lll983h . ILlovd Evansl dl983bl l 
detected modest variations in the strength of the TiO bands 
during the pulsation cycle. He also detected hy drogen emis¬ 
sion, presumably due to pulsation shocks (cf. ISmith et al.l 
1999). The pulsations are semi -regular with periods quote d 
of 90 days ( LloyRJTvaryj 1983al'l: 89 days (ISloan et al.ll2Q10l j ; 
105 days dLebzelter fe Woodl 20njV It has been found to be 
lithium rich by Smith et all ( 199a ). Although it is an O- 
EAGB, we classify this source as OTHER, since it is also a 
foreground object. 

Massey S MC 5822 (SM C IRS 19 7), is known a s B4 in the 
sample of lSheets et al.l d2013lf and lAdams et al.l d2013l l. who 
are studying OB-type stars with an 24 or 70 /im excess de¬ 
tected by MIPS indicative of d ust emi ssion. This star is 
also known as source #5822 by iMassevI d2002|j . and is as¬ 
signed a group identification number of 29 in the OB sam¬ 


ple table (Table 4) oflOev et al.l d20 03l. It has sp ectral type 
09 dSheets et al. 11201 .'ll ), arid Adams et al.l d2013l ) determine 


My = —4.10 mag. We classify it as OTHER: dusty OB star. 
Massey SMC 7776 (SMC IRS 198), correspo nds to B9 in the 
sample of infrared excess emission stars dSheets et alj |2013: 
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Spitzer-IRS point source classification in the SMC 31 


lAdams et al.l 120131). Adamset_aL J 2013ll determine My = 
—3.87 mag and lEvans et al.l ~( 20041 ) assign a spectral type 
of BO V. We classify it as OTHER: dusty OB star. 

2MASS J004657 28-7318087 (SMC I R S 199) is ent r y Bll 
in the sample of ISheets et al.l d2013h : lAdams et al. (I2013ll 
of MI PS-24 or MIPS-70 excess emission stars. lAdams et al l 
(120131') determine My = —2.95 mag. We classify it as 
OTHER: dusty OB star. 

2MASS J00471901-7307110 (SMC IRS 200) is B14 in the 
sample of infrared e xcess emission stars ISheets et al.ll2013l : 
lAdams et al.ll2013l ). lAdams et al.l d2013f) determine My = 
—4.52 mag, a nd the spectral type is thought to be B0-B2 
dSheets et al.ll2013h . We classify it as OTHER: dusty OB 
star. 

Massey SMC 9114 (SMC IRS 201) is also known as source 
B21 in the inf r ared e xcess sample of lSheets et al.l d2013ll and 
Adams et ah (120131 ') . as sour ce 2dFS5016 dBon anos et all 


20ld ), as OGLE 04.130984 d Evans et all 2004bL a nd a s 


determine My = —5.00 mag. lEvans &: Howartbl d2008tl ~re 


source 01507 by IParker et all d 19981)- Adams et al. ( 20131 ) 


port a radial velocity of 150 ± 6 km s _1 and Evans et al.l 
|2004bj) assign a spectral type of B1 -2 II. We classify it as 
OTHER: dusty OB star. 

Massey SMC 9265 (SMC IRS 202), also known as OGLE 
SMC-SC4 175188, is source B24 in the s ample of OB 
stars with infrared excess dSheets et al.l [20131 : lAdams et al.l 
2013[h Adams efyalj d2013l l determine My = —3.56 mag and 


Evans_et_alj_|2004b) assi gn a spectral type of Bl-5 III. 


Wvrzvkowski et al.l (|2004f ) report this object is part of an 


eclipsing binary system with a period of P=1.3243 days. We 
classify this object as OTHER: dusty OB star. 
SSTISAGEMA J004752.26-732121.8 (SMC IRS 203) is en- 
try B26 in the list of OB stars wit h an infrared excess 
dSheets et al .11201 d : lAdams et al.ll2013h . lAdams et al.l d2013l l 
determine My = —3.9 3 mag, an d the spectral type is 
thought to be B0-B2 dSheets et al.ll2013l) . We classify this 
source as OTHER: dusty OB star. 

Massey SMC 10129 (SMC IRS 204) is en try B29 in the sam- 
ple of OB stars wi th an infrared excess dSheets et al.ll2013l : 
lAdams et al.ll2013l l. and is assigned a group id entification 
numb er of 50 in the OB sam ple table (Table 4) of lOev et al.l 
d2004f) . lAdams et al.l d2013f) determine My = —5.04 mag, 
and the spectral type is thought to be B0 dSheets et al.l 
12013d ). We classify this source as OTHER: dusty OB star. 
2MASS J00483000- 7318096 (SMC IRS 205) is entry B34 in 
the sample of OB stars w ith an infrared excess dSheets et al.l 
l20lA Adams_et_alj[2013h. The spectral type is thought to be 
B0 dSheets et all 20131 ). We classify this source as OTHER: 
dusty OB star. 

Massey SMC 22613 (SMC IRS 206) correspo nds to B83 in 
the sample of OB stars w i th an infrared excess dSheets et al.l 
120131 : lAdams et al.ll2013l l. lAdams et al.l (l2013f) did not ana- 
l yze thi s sou rce sinc e it is spatially resolved by Spitzer-IRS. 
Evans_etjd. (2004b) assign a spectral type of Bl-5 III, while 


Evans &: Howarthl (120081) report a radial velocity of 165 ± 


6 km s~ . We classify this source as OTHER: dusty OB star. 
Massey SMC 28845 (SMC IRS 207), is entr y B96 in the 
samp l e of OB stars with an infrared excess dSheets et al.l 
120131 : lAdams et al.l l2013h . The spectral type is thought to 
be B0, and th e star is known to be part of an eclipsing 
binary system dSheets et al.ll2013l) . We classify this source 
as OTHER: dusty OB star. 


NGC 330 ELS 57 (SMC IRS 208 ), also kno wn as object 
B100 in the sample of lSheets et al.l d2013l) and lAdams et ahl 
J2013h : SMC5_009833 dBonanos et al.1 l2010h : and Massey 
SMC 31632, although the Spitzer spectrum is extracted ~ 1 
arcsec away from the position of NGC 330 ELS 57. Accord¬ 
ing to lEvans et al.l d2006f) . ELS 57, located 7.70 arcmin away 
from the center of NGC 330, is of spec tral type B0.5 V and 
has a radial velocity of 124 ± 4 km s _1 . iHunter et al.l d2008ll 
assign the following stellar parameters to this star: T e ff = 
29,000K, log g = 4.15, L = 10 4 ' 34 Lq, projected rotational 
ve loci ty usirn = 104 km s _1 , and M = 13 Mr^. lHunter et ahl 
d2009T) determine an atmospheric microturbulent velocity for 
the star of 5 km s _1 , and abundances of 8.01 ± 0.18 dex for 
Oxygen, 6.96 ± 0.26 for M agnesium, an d < 7.48 ± 0.29 for 
Nitrogen. In the study by iKohler et al.l d2012l ) this star is 
known as S27, and they assign a main sequence lifetime 
of 13.3 Myr, an inclination ang le of sin In = 0.33, and a 
10.2 Myr isochrone age. lAdams et al.l (|2013l ') determine an 
absolute V magnitude, My, of —3.36 mag. We classify this 
object as OTHER: dusty OB star, based on these studies. 
Massey SMC 32159 (SMC IRS 2 09), is entry B102 in the 
sample of dusty O B stars from She ets et al.1 d2013l l and 
lAdams et al.l d2013h . and it is assigned a group id entification 
numb er of 195 in the OB sam ple table (Table 4) of lOev et al.l 
d2004l). lA dams et al.l d2 013l ) determine My = —4.43 mag, 
while ISheets et al. mm assing a spectral type of 09. 
2MASS J00561161— 7218244 (SMC IRS 210) is entry B112 

in the samp le _ of OB stars with a far-infrared excess 

dSheets et al.l [ 20 T 3 I ; lAdams et al.1 120131 ') . The star is known 
to be par t of an eclipsing b i nary system with a period of 
4.48 days dBavne et a.lj|2()()3 : iFaccioli et al .1120071 ). We clas¬ 
sify this source as OTHER: dusty OB star. 

AzV 216 (SMC IRS 211) also known as Massey SMC 44984, 
is entry B137 in the sample of OB stars with an infrared 
excess (ISheets et al.l 120131 : lAdams e t al.l 120 1311. The _spec- 
tral type is thought to be B1-3II ( Evans et al.ll2004bf ) or 
B1 (Sheets et al.ll2013l) . and the star is known to be part 
of an ec lipsing bina ry system with a period of 1.84 days 
dFaccioli et al .1 [20071 ) . We classify this source as OTHER: 
dusty OB star. 

Massey SMC 50031 (SMC IRS 212) is entry B148 in the 
sample of OB stars wit h an infrared excess dSheets et al.l 
12013d Adnms_etalJ2013ll . The spectral type is thought to be 


B0 dSheets et al.1 2013l l. We classify this source as OTHER: 


dusty OB star. 

Massey SMC 54281 (SMC IRS 213) is entry B154 in_the 
sample of OB stars wit h an infrared excess dSheets et al.l 


I 2 OLA Adnms_etalj |2013ll . The spectral type is thought to be 
B1 dSheets et ahl 20131 ). We classify this source as OTHER: 
dusty OB star. 

Massey SMC 55094 (SMC IRS 214) is entry B159 in the 
sample of OB stars wit h an infrared excess dSheets et al.l 


__IP,_„_. 

2013; Adams et al. 2013). The spectral type is thought to be 


B0 I Sheets et al.1 2013l l. We classify this source as OTHER: 


dusty OB star. 

Massey SMC 55634 (SMC I RS 215) is also known as B161 in 
the sample of lSheets et al.l d2013l l and lAdams et all 120131. 
The spectral t ype o f this object is B0 I Sheets et al.1 2013 1. 
lAdams et al.l (I2013T) did not analyze this source since it 
is spatially resolved by Spitzer-IRS, and there is a bright 
source nearby in its IRS data. We classify this source as 
OTHER: dusty OB star. 


© 0000 RAS, MNRAS 000, 000-000 



































































































































































































































32 Paul M. E. Ruffle et al. 


Massey S MC 60439 (S MC IRS 216) is entry B 182 in the 
sample of lSheets et al.l (120131 ') and I Adams et all d2013Tl . and 
it is assigned a group identi fication number o f 391 in the OB 
sam ple table (Table 4) of lOev et all d2004l 'l . Ad ams et al 


(2013) determine My = —4.98 mag, while ISheets et al 


( 2013a ) determine a spectral type of BO. We classify this as 
OTHER: dusty OB star. 

Massey SMC 67470 (S MC IRS 217) is entry B188 in the 
sample of lSheets et al.l d2013l f and I Adams et all d2013lh It is 
assigned a group iden tification number of 445 in the OB sam - 
ple table (Table 4) of lOev et al.l d2004fl. Adams et al. ( 20131 ) 
determine My = —3.97 mag, while ISheets et al.l ( 20131 ') be- 
lieve that this is a Be star with weak Ha absorption. We 
group it in the OTHER: dusty OB star category. 

Massey SMC 77248 (SMC IRS 218) is entry B193 in the 
sample of OB stars wit h an infrared excess dSheets et alJ 
I201& Arjajns_etaL| [2013l b The spectral type is thought to be 
B0 dSheets et alJl2013h . We classify this source as OTHER: 
dusty OB star. 

Massey SMC 25387 (SMC IRS 219) is entry B87 in the sam- 
ple of OB stars with a MIP S far-infrared excess dSheets et al.l 
120131 : lAdams et al.l 120131 1. It is assigned a group identifi- 
ca tion numb e r of 1 49 in the OB samp le table (Table 4) 
of lOev et al.l d2004l). I A dams e t al.l d2013l l determine My — 
—4.63 mag, while ISheets et al.l ( 20131 1 its spectral type to be 
B0. We classify this source as OTHER: dusty OB star. 
Massey SMC 55681 (SM C IRS 225) is listed as an M3 
st ar by Elias_et_ali dl985|) and M0-M1 in the catalogue 
of [Massev fe Olsenl (|2003l l. The latter authors also calcu¬ 
late Mb oi= —10.53 mag, which supports our classification 
of RSG. Polsdofer et al.l d2015l l also found it to vary in the 
infrared. 

Massey SMC 10889 (SMC IRS 226) was confirmed to be 
a RSG in the S MC throug h hig h- accura cy radial velocity 
measurements by iMassev fe Olse nl d2003ll. A spectral type 
of M0 la was assigned by Elias et all dl98 5lf and it is listed 
as having K7 I spectral type by Massev fe Olsenl (120031 1. This 
all supports our classification of RSG. 

Massey SMC 11709 (SMC IRS 227). We classify this object 
as a RSG, in agreement with IMassev fc Olsenl ( 20031 ). 
Massey SMC 46662 (SMC IR S 228) was identified as a late- 
type RSG by iLevesaue et al.l (|2007f l due to the significant 
differences in the spectral types (M2 I to K2-3 I) and ef¬ 
fective temperatures over short timescales. Its location in 
the Hayashi forbidden zone of the H-R diagram indicates 
the star is no longer in hydrostatic equilibrium and exhibits 
considerable variability in V magnitudes. This supports our 
classification of RSG. It is also known to vary in the infrared 
dPolsdofer et al. 20151), and an X-SHOOTER spectrum is 
d. [ 2 C 


available ( Chen et al.ll2014f ). 

Massey SMC 52334 (SM C IRS 229 ). The preliminary 
spectral type assigned by lElias et al.l d 1985ll is M0 lab, 
and this object i s also included in the RSG catalogue of 
IMassev fe Olsenl d2003lf who list the spectral class as K7 I 
and give Mhoi= -8.15 mag. This is all in agreement with our 
classification of RSG. An X-SHO OTER spectrum of this 
object has been obtained dChen et al.ll2014l ). 

HV 2232 (SMC IRS 230) is assigned a spectral type o f 
M2 in the catalogu e of su pergiants by lElias et al.l dl985f ) 
and ILevesaue et al.l d2007l j. However, we classify this ob¬ 
ject as O-AGB, based on the bolometric luminosity. An 


X- SHOOTE R spectrum of this object has been obtained 
dChen et al.ll20d l. 

HV 11423 (SMC I RS 231) is an unstable cool supergiant 
that was found by dMassev et al.l 120071 ') to have varied its 
spectral type between K0-1 I and M4.5-5 I on a timescale 
of a few years. It was orig inall y classified as an M0 super- 
gia nt by|Humphrgyd ( 19791) and lElias et al.l (119851 4 and listed 
bv IMassev fe Olsenl ( 20031) as a RSG in the SMC. We also 

classify it as RSG._ 

Massey SMC 55188 (SMC IRS 232). IMassev fe Olsenl d2003l) 
classify this source as a RSGs in the SMC, and it is also 
identified a s an unstable coo l RSG with a spectral type (M2 
1-4.5 I) bv ILevesaue et all : 2007 ;. W e cla ssify this object 
as RSG. It is in the Polsdofer et al.l d2015l l list of infrared 
varia ble s, an d an X-SHOOTER spectrum has been obtained 
dChen et al.ll2014h . 

AzV 456 (SMC IRS 234), a l so known as Sk 143 dSanduleakl 
Il968h . is a 09.5 or B0-1 yellow supergiant with T e fr 
= 23,000 - 30,000 K and L = 950,000 Lq. Its spectral 
type was previously though t to be even earlier (08 II: 
ISmith Neubig fe Bruhweilerlll997l ). The star is significantly 
reddened by interstellar dust to E(B — V) ~ 0.37mag, 
of which ~ 0.18 mag is attributed to foreground Galac¬ 
tic dust, and hence has been used extensiv el y to study 
the interven i ng interstellar medium dLeaueux et al.l Il982l : 
iPrinial fl987l : iThompson et al .11 1 9881 ) . The object shows a 
wind with a term inal velocity of 1450 km s -1 an d M 
7 x 10 -7 M 0 vr~ 1 (|Prinialll987l : lEvans et al.ll2004ah . Mem¬ 
bership of the SMC is confirmed on the b asis of its heliocen¬ 
tric r adial velocity Uhei = 166 ± 7 km s~ 1 (lEvans fe Howarthl 
2008). Its proper motion has been measured at « 2<r signif- 
i cance (ua = 6.7 ± 3. 2 mas yr _1 , us = —5.6 ±3.1 mas yr _1 ; 
IZacharias et al.1l2004| j. 

NGC 346 MPG 293 (S MC I RS 235) is a B 3Ia 
(lAzzopar di fe Vigneaulll9 82f). B1 la (iBouchet et al.lll985l 'l or 


B2Ia ( Smith Neubig fe Bruhweilerill997 ) supergiant in the 

young massive cluster NGC 346. It has a relatively slow line- 
driven wind (voo ~ 900 km s -1 : IPrinial Il987l l. attributed to 

the low metal content. _ 

AzV 23 (SMC IRS 236) is a B3Ia (lAzzopardi fe Vigneaul 
QHl; L ennonl 1 1997t) y ellow supergiant, first catalogued as 
Skl7 I Sanduleakl 1 19681) . Membership of the SMC is con¬ 
firmed on the basis of its_ heliocentric radial velocity Uhei = 
178 km s~ 1 (lNeugent et ai1l2010l . who derived a spectral type 
of B2I). It has been modelled to have a luminosity of 
230,000 L 0 and moderate reddening of E(B — V) = 0.21 mag 
(jPufton et al.ll2000l ). 

IRAS 00350-7436 (SMC IRS 238), also known as LI-LMC 
5, is a carbon -rich, high luminosity object (Mboi= —6.564 
- —6.82 mag; Whitelock et alJ 119891 : Ivan Loon et alJ Il998l : 
iTsalmantza et aL 2006lb Ziilstra et al.l ( 1996l l designate it 
as a candidate AGB star, with a dust mass loss rate de¬ 
rived from IR colours of 10~ 817 - 10~ 7 ' 25 M 0 yr _1 , depend¬ 
ing on the specific colour. It is among the most luminous 
AGB stars in the Magellanic Clouds, with only one object 
in the LMC ha ving s i milar luminosity, IRAS 04496—6958 
(Ivan Loon et al.lll998f) . iMatsuura et al.l d2005l ) suggest that 
this is a post-AGB star, based on the presence of the 3.3-/xm 
PAH emission feature. Because of the presence of weak C 2 H 2 
absorption in the IRS spectrum, we classify it as C-AGB. 
NGC 330 S W 515 (SMC IRS 239) is an irregular opti¬ 
cal variable (ISebo fe Woodlll994l h with a possible 45-day 
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orbital period but also variability on b oth shorter and 
longer timescales (iSchmidtke et all I2008ll . and a possible 
member of the cluster NGC33 0. It featu r es broad H a 
emiss ion (iM evssonnier fe AzzopardU 1993[_ Oliveira et al.l 
|20 1 3l) . which is double peaked I Humme l et al.l 1999h . a s 
well as near-IR hydr ogen emission dTanabe et al . 2Cil!). 
iMartavan et al.l (120071 1 classified it as a HeB[e] object. Mid- 
IR excess emission was detected with the I nfrared Space Ob- 
se rvatory (ISO) bvlKucinskas et al.1 (l2000l l and with Spitzer 
by iBolatto et al. 12007 1. The Spitz er IRS spectrum was first 
published by Oliveira et al.l ([2013) , who recognised it as a 
young star but with no trace of H 2 O or CO 2 ices. 

Lin 517 (SMC IRS 240) is also known as [BSS2007 282] 
and LHA 115-N 86. It ap pears in e arlier li sts of H a source s 
and possi ble PNe, e.g. iHenizel (Il956tl . iLindsavl (ll96lT> . 
iKamath et al.l (l2014l l find that it may be a hot post-AGB 
star. We classify this object as YSO-4. 

[MA93] 1771 (SMC IRS 2+1) is also 2MASS 

J01134116—7250499 and SSTISAGEMA 

J011341.20—725049.8. It is a known Ha source 
(IMevssonnier fe Azzopardil Il993ll . who believe it to be 
the red component of a 2 arcsec pair, and possibly related 
to Lin 497. Indeed, the MCPS survey dZaritskv et al.lf2002l ) 
shows three potential cou nterparts within 3 arcsec of the 
SAGE-SMC position dGordon et al.l [ioill l. This very red 
source is also detected within 3 arcsec by Herschel in the 
Herschel Inventory of the Agents of G alaxy Evolution 
survey (HERI TAGE; [Meixner et al.l l2013l l at 100, 160 and 
250 um. IKamath et al.l ( 2014 ) find that this object may be 
a hot post-AGB star. 

2MASS J0054 03^2— 7319384 (SMC IRS 242) is object 18 
in the spectral catalogue by lOliveira et al.l d2013l 'l. It is 
identified as a YSO c andidate based on MIPS SED data 
dvan Loon et al.l 120081 ) and the IRS spectrum (this work; 
lOliveira et al.ll201ll ). 

2MASS J010546 45—7147053 (SMC I RS 243). Initially pro¬ 
posed as a YSO dBolatto et al.ll2007l ). this object has since 
been classi f ied a s a carbon-rich proto-planetary nebula by 
IVolk et ahl d201 lh , who point out the strong mid-IR emission 
features usually attributed to PAHs, and a hint of a weak 21- 
(jm emission feature of which the carrier remains unknown. 
They derived a luminosity of 4660 ± 510 Lq and birth mass 
of only l.OO ln'nd Mp) - which se ems low for the carbon en¬ 
richment. IKamath et al.l d2014l ) derive L = 4106 Lq and, 
based on the presence of atomic emission lines and a UV 
continuum, conclude that this is a hot post-AGB star. 
2MASS J00540236— 7321182 (SMC IRS 244) is ob ject 17 
in the spectral catalogue by lOliveira et al.l d2013l l. It is 
identified as a YSO c andidate based on MIPS SED data 
dvan Loon et al.l 20081 ) and the IRS spectrum (this work; 
lOliveira et al.ll201ll ). 

OGLE SMC-SC10 10785 6 (SMC IRS 245) is a ( strong) can¬ 
didate R CrB type star dTisserand et al.ll2009lL experienc¬ 
ing erratic, sudden obs curation events b y circ umstellar car¬ 
bonaceous dust clouds. [Polsdofer et al.l d2015l ) and Riebel et 
al. (in prep.) list it as an infrared variable. It has a relatively 
cool atmosphere, ~ 5000 K compared to most R CrB stars. 
IRAS 00516— 7259 (SMC IRS 246) is entry 16 in the spe c- 
tral catalogue of YSO candidates by lOliveira et all (l2013l l . 
IRAS 00509— 7342 (SMC IRS 247) i s entry 15 in the spec - 
tral catalogue of YSO candidates by lOliveira et all d2013h . 
who also report extended radio continuum emission at 1.42, 


2.37, 4 .80 and 8.64 GHz at the same position. IKamath et al.l 
d2014l) confirm the YSO nature of this source. 

2MASS J00505814— 730 7567 (SMC I R S 24 8) is entry 
14 in the catalogue by | Ohyehn L irLalJ d2013|). It is als o 
known as an Ha em itter ( Mevssonnier fe Azzopardilll993l ). 
IKamath et al.l (120141 ') confirm the YSO nature of this source. 
2MASS J00504326—7246558 (SMC IRS 249) is entry 
1 3 in the spectra l catalogue of YSO candidates by 
lOliveira et al. ( 20131') . while it is also know as an Ha emit¬ 
ter ( Mevssonnier fe Azzopardi 199 (1). I t appears to be par t 
of a star cluste r dBica fe Schmittl 19951 : IChiosi et al . 2006j). 
IKamath et al.l (12014 1 confirm the YSO nature of this source. 
2MASS J00504042— 7320369 (SMC IRS 2 50) is entry 12 in 
the spectral atlas by lOliveira et all d2013l) . 

2MASS J004944 69- 7324331 (SMC IRS 2 51) is entry 11 in 
the spectral atlas by lOliveira et all d2013l) . 

SMP SMC 21 (SMC IRS 252) is a well know n SMC plan¬ 
etary nebula first identified by dLindsavlll96ll ). Our classi¬ 
fication as an O-rich PN is consistent with the ab undance 
analy ses available in the literature (i.e. iLeisv fe Dennefeldl 

M assey SMC 60447 (S MC IRS 253) was first catalogued 
bv lBasinski et aL (119671) where it is object 353 in their Ta¬ 
ble V. The object was t hen classified as a red supergiant 
star in ISanduleakl d 19891 ) where it is object 276; the po¬ 
sitions are slightly different in these two papers but it is 
clearly the sam e object. The spectral type is given as K2I in 
[m assevl d2002l) . This is all consistent with our classification 
of RS G. The source is also known to vary in the infrared 
dPolsdofer et al.l[2015l) . 

PMMR 145 (SMC IRS 254) was first noted bv lPrevot et al.l 
dl983th as a red supergia nt of spectral type K5 to K8. The 
object is also discussed bvlElias et aljj 19851 ). An abundance 
analysis was carried out by iHilll (| 1997 1. who gives parame¬ 
ters T e ff = 4300 K, log g = +0.3, and [M/H] = —0.6 along 
with a radial v elocity of 1 60.6 km s -1 . Analysis of the CNO 
abundances by iHill et al.l (Il997l ) yields a C/O ratio of 0.3. 
All of these observations are consistent with our classifica¬ 
tion of the object as RSG. _ _ 

PMMR 141 (SMC IRS 255) |Prevot et all dl983l l catalogue 
this star as a l ate-type su pergian t. The spectral type is given 
as K7-M0I bv lMassev fe Olsenl d2003l ). All the references to 
this object in the literature are consistent with our classifi¬ 
cation of the object as RSG. 

PMMR 132 (SMC IRS 256) was catalogue d as a late- 
type supergiant in the SMC by IPrevot et al.l dl983l ) based 
up on o bject ive p rism observations. Photometry is given in 
I Elias et all d 19851 ). We classify it as RSG. 

LHA 115-S 3 8 (SMC IRS 257) was identified as an emission 
line o bje ct b y Henizel d 19561 ). It was then also catalogued by 
ILindsavl dl961 ) as Li n 418. The spectral type is given as be¬ 
tween A3 and F0 in lEvans et al l d2004bl, object 1804). The 


star is also discussed by Raimondo et al.l d2005l) as a likely 
carbo n-rich object based on the J — K colour. Kamath et al.l 
d2014ll identify this object as a post-AGB candidate (# 38 
in their Q1 list), showing a slow brightening in the optical 
combined with a long period of ~900days, possibly due to 
changes in the dust obscuration or the accretion rate. The 
IRS spectrum, reveals its O-rich nature and we are able clas¬ 
sify this object as O-PAGB. 

RAW 594 (SMC IRS 258) was identified as a probable 
carbon-rich variable star bv lRebeirot et all (|l993l ) based on 
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its near-infrared colours. There are 4 other papers in the 
literature concerning the variability or SED properties of 
the object, which is a semi-regular pulsator from the OGLE 
survey. Our IRS spectrum classification confirms the carbon- 
rich nature and we classify it as C-AGB. 

2MASS J00444463— 7314076 (SMC IRS 259). Nothing spe¬ 
cific is k nown about this objec t, except that it is an infrared 
variable llPolsdofer et al .112015l) . 


SSTISAGEMA J005419.21-722909.7 (SMC IRS 260) was 


identified based on its IRAC colours as a YSO candidate 
by iBolatto et al.l (120071 '), as YSO candidate 139 in their list 
([BSS2007] 139), and as such included in the YSO sample to 
be observed with Spitzer- IRS by [Oliveira et all d2013l . entry 
#19). However, these authors find that this object is not 
a YSO, but rather a D-type symbiotic star, consisting of 
an AGB star and white dwarf, with mass transfer between 
them. There is also a nearby blue star (about 2.5 arcsec 


away from the symbiotic binary) contributin g a continuum 
to the spectrum that cannot be separated out (jOliveira et al] 
l2013lh 

2MASS J00432649-7326433 (SM C IRS 261) is a semi¬ 
regular variable c arbon star d Raimondo et al -1 


ISoszvriski et al.ll201lh . It is also in the Polsdofer et al.l d2015! ) 
list of infrared variables. 


Lin 250 (SMC IRS 262), also known as LHA 115-S 18, is 
a well-known B[c] supergiant (see e.g. IClark et al.ll2013l and 
references therein for a com preh en sive view of t his system). 
It is an infrared variable dPolsdofer et al.l 120151 . Riebel et 
al. in prep.). 

IRAS 00471—7352 (SMC IRS 26 3 ), is k n own to be a long 
perio d variable dGro enewegenl 120041 : iRaimondo et al.l 


120051: Soszvriski el al.l 1201 ill . carbon-rich in nature 


( Raimondo et al.1 120051 '). It is also an infrared variable 

I Polsdofer et al. 20151) . 

SSTISAGEMA J004901.61-731109.5 (SMCIRS 264) is en¬ 
try 10 in th e Spi t zer-IR S spectral atlas of YSO candidates 
by I Oliveira et al.l d2013l ) . 

LHA 115-N 31 (SMC IRS 265), also known as Lin 120, is an 
emiss ion line star dHenizel Il956l : iMevssonnier fe Azzopardi 
[l993|). It is c lassified as a candidate YS O by lBolatto et al. 
d2007f ). while fcharmandaris et aD (|2008l ) included it in their 
sample of candidate compact Hu regions, as object #5, and 
remark that the IRAC colours set it apart from class I and 
class II YSOs. LHA 115-N 31 is also entry 9 in_the Spitzer- 
IRS spectral atlas of YSO candidates by Oliveira et al . 
d2013h . 

Lin 60 ( SMC IR S 266) is also known as LHA 115-N 10 (see 
e.g. IMevssonnier fe Azzop ardi 199 j) . It was one of t h e sam - 
ple with MIPS spe c tra ob tained bv Ivan Loon et all d2010l) . 
and lOliveira et al.l d2013l ) examined it as a bright YSO as 
well. Its spectrum has clear CO 2 ice a bsorption a t 15 pm . 
It appears in older lists, such as Heniz e dl956l ) and iLindsavl 

II 19611) . 

S3MC J004825.83-730557.29 (SMC IRS 267) is found in 
a complex region, and is theref ore not identih ed as a point 
source by the SAGE-SMC team llGordon et al. l2 01ll~). but its 
flux l evels were extracted by the S3MC team I Bolatto et all 
l2007f) . who also classify it as a candidate YSO. This is en- 
tr y #8 in th e IRS spe ctral catalogue of YSO candidates 
bv lOlive ira et al~ J2013I) , who r eport detections of CO 2 ice 
and PAHs. Kamath et al.l (|2014| ~) offer an alternative view by 


classifying this as a candidate PN. We classify this object as 
YSO-1. 

2MASS J00444HI— 7321361 (SMC IRS 268) is a small- 
amplitu de semi-regular va riable star, with P ~ 98 

days (Soszynski et all l201llj . later refined to 96.338 days 
dKamath et al.l 120141 '). While it was selecte d as a cand i¬ 
date YSO on the basis of mid-IR photometry (IBolatto et all 
l2007ll . it has subsequently been shown to be a po st-AGB ob ¬ 
ject o n the basis of its 21-pm emission feature (iVolk et al.l 
|2011). The post-AGB nature was confirmed by the measure¬ 
ment of extreme s-process elemental enhancements, its car¬ 
bon enrichment (with C/O > 1), and iron depletion, but not 
the otherwise expected lead overabundance; a birth mass of 
~ 1.3 Mq was inferred ()De Smedt et al. IBB. 
2MASS J00465185— 7315248 (SMC IRS 269) appears to 
be slightly extended at IRAC wavelengths, and is there¬ 
fore n ot identified as a p oint source by th e SAGE-SMC 
team (iGordon et al.l [201 il l . The S3MC team (IBolatto et all 
120071) was able to fit a point source and extract the flux 
levesl. They also classify it as a candidate YSO. This is en- 
try # 7 irpthe IRS _spectral catalogue of YSO candidates by 
lOliveira et al.l (j2013|), who report the presence of PAH emis¬ 
sion. 


S3MC J00 4624-46- 732207.30 (SMC IRS 270) is a YSO 
candi date (IBolat to et al l 120071 . #43), observed with MIPS 
SED (Ivan Loon et alJ ~ 201(1 443) and IRS (lOliveira et all 

HoH #6). 

SSTISAGEMA J004547.53- 732142.1 (SMC IRS 271 ) is en- 
try 5 in the IRS spectral catal ogue by Oliveira et all ( 20131 ). 
It is an infrared variable dPolsdofer et al.ll2015l) . 

2MASS J00452129— 7312185 (SMC IRS 272) is e ntry 4 
in the IRS spectral catalogue by lOliveira et al.l (120131) . 
I t also appears in_the emiss ion-line star catalogue by 
IMevssonnier fe Azzopardi! dl993l) . 

IRAS 00429-7313 (SMC IRS 273), also known as LI- 
SMC 25, was originally thought of as an AGB star can - 
didate, based on its IRAS detection dLoup et all 119971 1 . 
More recently, it was recognized as an early-type YSO can- 
di date, an d it is included in the spectral catalogues by 
Ivan Loon et al . ] (120101, #1; who also provide a short liter- 
ature review on this source) and lOliveira et ahl (120131 . #2). 
iKamath et al.l (120141 ') also list it as YSO candidate, showing 
optical variability in the form of Cepheid-like small oscilla¬ 
tions, with a period of 22.5 days. 

LHA 115-N 8 (SMC IRS 274), a l so known as Lin 41, is 
en try #1 in the IRS spectral catalogue of YSO candidates 
by Oliveira 1 _et_aL[_ (l2013i ). It is also known as an emission-line 


star ( Mevssonnier fe AzzopardHll993l 'l. 

2MASS J01061966— 715 5592 (SMC I R S 275) is catalogued 
as a YSO candidate bv IBolatto et al] (|2007l . entry #257). 
Bas ed on its UV continu um and emission-line characteris¬ 
tics, [Kamath”et2il] (120141) also list this as a YSO candidate. 
2MASS J01052863— 715 9426 (SMC IRS 276) is catalogued 
as a YSO candidate bv IBolatto et al] d2007l . entry #251). 
Bas ed on its UV continu um and emission-line characteris¬ 
tics, IKamath et al.l d2014l) also list this as a YSO candidate. 
HV 12956 (SMC IRS 277) is a luminous (A/ bo i~ —6.5 
mag), Mira-type variable with a period of 518days 

dCatchp ole fe F eastlll98ll:IWood e t al.lll983l: ISoszv nski et all 


l201ll : I Yang fe Jiang! l2012li . IPolsdofer et al.l ( 20151 ') 


also list it as an infrared variable. This M5e-type 
AGB star was identihed with the mid-IR source 
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IRAS 01074—7140 (Whitclock et al 

198y; 

Ziilstra et al. 

1996 

; iGroenewegen & Blommaert 

1991 

van Loon et al. 

1998 

), and the mid-IR spectrum obtained 

with the ISO 


spite being one of the better candidates in the SMC for 
circumstclla r maser emis sion, none was detected in deep 
searches (jvan Loon et al.l l200lh . The star was found to be 
lithium-rich, probably as a result of nuc lear proce ssing at 
the base of the convection zon e llSm ith et al .1 1995h . A 3-4 
/im spectrum was presented in Ivan Loon et ahl ( 20081 ). 
2MASS J01035898-7255327 (SMC IRS 278) is en try #238 
in the YSO candidate list bv lBolatto et al.l ((20071 ). 

LHA 115-N 61 (SMC IRS 279), also known as Lin 321; IRAS 
00557-7248 and LI-SMC 121; this is a well-known emission 
line nebula in the SMC first discovered by Hgnizgj ilg5|]|)- 
It was classified as a planetary nebula by iLindsavl (Il96ll ) 
based on a lack of detected optical continuum around Ha 
and the presence of the [Nil] 6548/6584 forbidden lines. 
For this reason the object has sometimes been consid- 
ered as a PN in the literature (i.e. Ijacobv fe De Marcol 
2002 ') . although it was_classified as an Hu region by 


Henize fe Wester lundl ll 1 9631) and this w as confirmed spec¬ 


troscopically by Dufour fe Killed dl977h . 

Lin 238 (SMC IR S 280) is a k nown emissio n-line star 
llLindsavl Il96lt iMevssonnier fe Azzopardl 1 1993h . More re- 
centlv it was included in the catalogue by Bolatto et al.l 
(12001 ob ject 132) as a YSO candidate. It is an infrared 
variable llPolsdofer et al .11201 ll . 

HD 5980 (SMC IRS 281) i s a famous 19-day eclips¬ 
ing Wolf-Rayet (WR) binary dBrevsacher fe Perrier! Il980l : 
iBrevsacher et al. Ill 9821 ) with estimated masse s of Ma = 58- 
79 Mq and Mb = 51-67 M p), res pectively dFoellmi et al.l 
I2008T ). iKoenigsberger et al.l ( 2014T) report that the sys¬ 
tem has in fact a third component, which is an O- 
star in a eccentric orbit with a period of 96.56 days. 
HD 5980 had already been recognised as peculia r well 
over a century ago (iPickering fe Fleming! Il90ll ). and 
was i dentified as a n emission-line star half a century 
later ( Henizej 1956T) . with variable emission-line width 
dFeast et al. Il960l ). It resides in the massive cluster 
NGC346, but its proper motion of (p a = —3.50 ± 1.70 mas 
yr -1 , jig = —2.40 ± 1.60mas yr -1 ; iHog et all Il998h is 
marginally significant. Component A, of WN type, un¬ 
derwent Luminous Blue Variable (LBV)-type eruptions 
in 1993 and 1994 (Barba et al. 199k 19961: Cellone et ahl 


199^jEenens^^orn^ 


Sterken fe Brevsachei 


199i 


199 


He^daxLMala^eri_e£aI 

Koenigsbcrgep et al. 


1997j: 

19951. 


19961 . Il998allbl: iM offat et al.l 1998I). creating a circumstel- 


lar shell dMorris et al.l [ l996l: IKoenigsberger et al~ l2000l . 


l200ll : iGonzalez fe Koenigsberger l20l4 iDopita et ah ll 99 ill . 
as well as showing longer term S Doradus-type variability 
(IKoenigsberger et al.l l201(j| ; iGeorgiev et al. 2011) and spec¬ 


tral changes preceding the outburst (lKoen igsbcrger_et i _aI 


1994). HD 5980 is a bright, vari able X-ray source (I Naze et al 


2001; [Guerrero fe Chui 20081) as a result of colliding 
winds dB revsacher fe Fr ancoisl 200ol: Koenigsberg er! 2004 


IKoenigsberger et al.l 120061 : IKoenigsberger fe Morendl2008l) : 
polarimetric variability indic ates complex structure a nd/or 
a neutron star companion dVillar-Sbaffi et all 120031 ). In¬ 
deed, the supernova remn ant SNR 0057—7226 lies in the 
direction towards HD 5980 dHoopes et al.l [200ll : iNaze et al.l 
120021 : IVelazauez et al.l l2003t) . The binary was detected at 


mid-IR wavelengths with ISO by IContursi et al.l d2000l) : 
the Spitzer mid-IR photometric properties were analysed 
by iBonanos et al.l d2010l) . who point out that this is the 
only WR star (but not the only LBV) in the SMC with 
a detection at 24 /im. Being such bright, early-type, line- 
broadened star, HD 5980 has been used extensively as 


spite 

its low E(B — V) = 0.05 mag 

- Schmutz & Vacca 

1991 

) - e.g., polarization (Schmidt 

197C 

; Mathcwson & Ford 

197C 

); UV (de Boer & Savage 

198C 

: Savage & de Boer 

1981 

; Fitzpatrick & Savage 19831, 

1985 

: Sembach & Savage 

1992 

) including detection of H2 

Richter et al. 19981: 

Shull et al. 2000) - see also Cohen (|l984|); Songaila et al. 

(19861); Sembach et al. (19931); Lipman & Pettini 

19951) and 

Hoopes et al. 

frared variable 
HD 688) (SM 

2002!). Polsdofer et al. (20151) list it as an in- 

C IRS 282) (or R40) is a luminous blue su- 


1987; B8Ia based on UV - ISmith Neubig fe Bruhweile: 


1997 ) displaying Ha line emission (LHA115-S52; Henizi 


19561 1. with confirmed membership of the SMC based on a 


radial velocity of 170 km s -1 (iBusc ombe fc Kenne dy! Il962i ). 
It is the visually brightest B star ( Stahl_et_aL 19851) a nd 
the first recognised LBV in the SMC ( Szeifert et al.l 19931 ). 
explaining th e later spectral type of A2 d etermined by 
( Lennonlll997l ) and the S Dor-type variability dSterken et al 
119981 ). Earl y op tical pho tometry was present ed by iDacln 


Osme: 


optical pn 
? di97a). 


Ardeberg fe Mauricel dl977 ) and 
Ivan Gendergn_^t_alj _l[l98j): a K-band spectrum was pre- 
sented bv lOksala et al.l 1 20131 ). Not surprisingly, it has been 
used extensively for studies of the interstellar medium (e.g., 
ICohenl [l984l : ISongaila et al.lll986l ); the 4430-A diffuse in¬ 
terste llar band was detected in its spectrum by Hutchings 
dl966i) . and the degree o f polarization w a s me asured by 
iMathewson fe Fo~rdl (Il970l ). IBonanos et al.l (120101) detected 
mid-IR ex cess emission on the b asis of Spitzer photometry. 
It is in the lPolsdofer et~ahl (120151 ) list of infrared variables. 
2MASS J00531330— 7312176 (SMC IRS 283) i s entr y 
#131 in the YSO candidate list by iBolatto et al.l (1200)1) . 
The source is po ssibly also detected in the far-infrared 
dWilke et all 120031) . as [WSH2003] b-63, although the co¬ 
ordinates are very coarse at these wavelengths. Within 10 
arcsec, another far-infrared detection with Herschel has 
also been reported, a gain with rather imprecise coordinates 
dMeixner et al.ll2013l) . 

2MASS J00531330- 7312176 (SMC IRS 28 A ) is e ntry #129 
in the YSO candidate list bv lBolatto et al.l (120071 ). 

2MASS 300505)25- 732)170 (SMC IRS 286 ) is Y SO can¬ 
didate 112 in the catalogue bv lBolatto et al] (|2007l ). 

LHA 115-N 32 (SMC IRS 287) LHA 115-N 32 is a well 
known s ource , with more than 20 r eferences, starting with 
iHenizel Jl956l) and ILindsavl (Il96ll ). It has been charac- 
ter ized more as an Hu regi on than a PN (most recently 
by ICharmandaris et al.ll2008l ). We classify the spectrum as 
YSO-3, but remark that it is due from a source located 
within an H11 region. 

2MASS 300)8)901-7311226 (SM C IRS 288) is entry #83 
in the list of YSO candidates by IBolatto et all (l2007l ). In 
contrast, iKamath et al.l (120141 ) catalogue this object as a 
hot post-AGB candidate. We classify it as YSO-3. 

2MASS 300)65576- 733158) (SMC I RS 289) is en t ry #4 7 
in the list of YSO candidates by IBolatto et all (|2007t ) . 
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iKamath et al.l (120141 ') also list this object as a candidate 
YSO. 

2MASS J00454296-7317263 (SMC I RS 290 ) is entry #27 
in the list of YSO candidates bv lBolat to et al (20071). 
IRAS 01042-7215 (SMC IRS 291). IWilke et alJ (20031) de¬ 
termined the 25- and 60-/mi flux densities from high reso¬ 
lution IRAS maps (s ource b-97), to be F %5 = 0.6 ± 0.1 and 
#30 = 8.4±0.3 Jy (cf. lSchwering fe Israelii 19891 ') ; they did not 
detect the source in their ISO-PHOT maps at a wavelength 
of 170 pm. A far-IR spect rum obt ained wi th the Spitzer SED 
mode was presented by Ivan Loo n et al.l (20101). The near- 
IR co unterpa rt was found by Groeneweeen fe Blommaertl 
). While iGroenewegen et al. ( 20001 1 modelled the ISO 


mid-IR d ata as if it were a m ass-losing cool oxygen-rich 
AGB star. Ivan Loon et al.l (120081 1 classified it as a candidate 
YSO on the basis of a 3-4-pm spectrum displaying water ice 
absorption an d hydrogen recombination emission. Indeed, 
lOliveira et al.l (|201 lh detected (weak) CO2 ice absorption 
in the Spitzer IRS spectrum confirming the YSO nature of 
this object; CO ice was not detected in their groundbased 
M-band spectrum. lOliveira et al.l (20131 ) also presented an 
optical spectrum showing just broad Ha emission, as wel l 
as new near-IR photometry (JRYI/). IPolsdofer et al] (20151 ) 
list it as an infrared variable. 

Lin 49 (SMC IRS 29 2) has been kno wn as an emission line 
sourc e and/or a PN dLindsav 1961 ]_ Henize_& - ^esterlund| 
19631: Dopita et all ll98E : Mevssonn ier fc Azzopardil 19931 : 


Morganl Il995l ). While IBolatto et al.l ( 20071 ') included it in 


their YSO candidate list (#7), the IRS spectrum clearly 
shows that this is a C-PN, and a fullerene source (this work; 
ISloan et al.lboij 'l. 

2MASS J00431490-7300426 (SMC IRS 292 ) is en try #4 in 
the list of YSO candidates bv lBolatto et al. $20(T|). 

NGC 330 BAL 555 (SMC IRS 296) is another member of 
NGC 330, and is known to be a l ong period semi-regula r vari¬ 
able from OGLE observations dSoszvhski et alj |20111. The 
object appea rs to have first been catalogued as a member of 
N GC 330 by Balona d 199 2li where it is object 555 in Table 
2. IKamath et aid ( 20141 1 list it as a carbon star, consistent 
with our classification of this object as C-AGB. 

2MASS J010 65966—7250430 (SMC IRS 298) is an emission¬ 
line star dMevsson nier fc Azzopardil 1993|), listed as a can - 
didate PN by IKamath et al.l ( 20141 '). van Loon et al.l (20101 ) 
list it as a YSO (entry 11), and the IRS spectr um confirms 
the YSO nature of this object dOliveira et al.ll2013l . #30). 
We classify it as YSO-3. 

2MASS J01053088— 7155209 (SMC IRS 299) is entry 29 
in the IRS s pectr al catalogue of YSO candidates by 
lOliveira et al.l (I2013I L 

2MASS J010 50732— 7159427 (SMC IRS 300) is entry 8 in 


the study by Ivan Loon et aD (j2010h . who list it as a YSO, 
and provide some further ref erences. I t s YS O nature is con¬ 
firmed by its IRS spectrum dOliveira et al.l[2013l . #28). 
S3MC J010306.13-720343.9 5 (SMC IRS 301) is e ntry 228 
in the YSO candidate list bv lBolatto et al] d2007l j. and its 


YSO nature is confirmed by its IRS spectrum dOliveira et al.l 
HH #27). 

S3MC J010248.54-715317.98 (SMC IRS 302) is an mid- 
infrared point source (also detected by the SAGE team 
as SSTISAGEMA J010248.56—7 15318. 0) part of star form¬ 
ing region A8 discovered by dLivanou et al.ll2007l ). which is 
about 240 pc in size. Region A8 contains several H11 re¬ 


gions, and S3MC J010248.54—715317.98 is located inside 
one of these H11 r egions, name ly DEM S 117b, also known as 
LHA 115-N 77A (Bica &; Schmittll 19951 ). which has a size of 
0.55 aremin. The IRS spectrum therefore shows many emis¬ 
sion lines due to the H11 region. We conclude that the point 
sour ce is an YSO-3 object located within an H11 region (see 
also lOliveira et aDl2013l . #26). 

S3MC J010131.69-715040.30 (SMC IRS 303) is entry 
25 in the IRS spec tral catalogue of YSO candidates by 
lOliveira et al. (20131). an d entry 210 in the list of YSO can- 
didates of IBolatto et al.l d2007l h 

SSTISAGEMA J010022.34-720957.8 (SMC IRS 304) is en- 
try 24 in the IRS sp ectral catalogue of YSO candidates by 
lOliveira et al.l ([2013) , and it is also ent r y 60 in the list of 
YSOs in N66 compiled bv ISimon et al.l ( 20071 1. who derive 
L = 2910 Lq and M = 8 Mq for this source. It is also known 
to vary in the infrared dPolsdofer et al.ll2015l . Riebel et al. in 
prep.). 

IRAS 00563-7220 (SMC IRS 305) is en try 23 in the 
IRS sp ectral catalogue of YSO candidates bv lOliveira et al] 
(20131). It is also #174 in the YSO candidate list published 
by Bolatto et al.l (120071 1. 

IRAS 005627255 (SMC IRS 306) is e ntry 22 in the IR S spec¬ 
tral catalogue of YSO candidates bv lOliveira et all (l2013|j . 
It is also # 1 71 in the YSO candidate list published by 
IBolatto et al.l (2007]). 


2MASS J00560662- 7247 225 (SMC IR S 307) is reported t o 
be an emission-line star dMevssonnier fc Azzopardil 1 19931 1 . 
perhaps consisting of multiple components. It is also en- 
try 21 in the IRS sp e ctral catalogue of YS O candidates by 
lOliveira et al.l (2013I) . IBolatto et al.l d2007fl list it as #146 
in their list of YSO candidates, and it is a lso included as 
a YSO candidate in the work bv IKamath et all (20141) . We 
classify it as YSO-1. 


HV 11464 ( SMC IRS 309) is first classified as M01 by 
IPrevot et al.l dl983l ) and lElias et al.l dl985f) : SMC member¬ 
ship was confirmed based o n the heliocentric ra dial veloc¬ 
ity of i>hei = 189 km s -1 (Maurice et al.l fl987f) : however 
the spectral type was r evised to KOI and the radial ve¬ 
locity to 182 km s" 1 bv iMassev fc Olsenl (20031 ). who also 
determin ed a bolometric luminosity of Mbol = —8.0 mag. 
lYang fc Jiangl ( 2 OI 2 I) determined a long secondary period of 
1500-160 0 days. The Sp i tzer m id-IR photometry was anal¬ 
ysed by iBonanos et al.l (2010l ). It straddles the boundary 
between the RSG and AGB classification, and because of 
its Mboi value we classify it as O-AGB. 

IRAS 00436— 7321 (SMC IRS 310) is in a complex field. The 
source is also an em ission-line star and listed as entr y 108 
in the Ha survey bv iMevssonnier fc Azzopardil ( 19931 ). The 
IRAS name is cross-identified with this Spitzer source, as 
it is the only source with a MIPS-[24] flux level comparable 
to the IRAS-[ 25] flux within the error box of the IRAS-[ 25] 
position (no detection at IRAS-[ 12]). Keller et al. (in prep.) 
believe this source to be a PN, however we classify it as HII. 
NGC 330 ARP 41 (SMC IRS 311), a member of the NGC 
330 cluster, has been known to be a late-type sup e rgiant 
since the 1970’s. The star was first observed by [Arp ( 19591 ) 
as object 41 in h is lis t. The spectral type was determined as 
G6Ib bv iFeastl d 19791 ). Our classification of this object as a 
red supergiant is (marginally) consistent with this spectral 
type. 
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SUPPORTING INFORMATION 

Additional Supporting Information may be found in the 
online version of this article: 

Online Table described by Tabic [3] Classification of point 
sources targeted in IRS staring mode. 

Please note: Oxford University Press (OUP) are not respon¬ 
sible for the content or functionality of any supporting mate¬ 
rials supplied by the authors. Any queries (other than miss¬ 
ing material) should be directed to the corresponding author 
for the article. 

This paper has been typeset from a TjrX/ RTgX Hie prepared 
by the author. 
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